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THERMOPHYSICAL PROPERTIES OF HELIUM-4 FROM 2 TO 1500 K

#

WITH PRESSURES TO i000 ATMOSPHERES

Robert D. McCarty

Tables of thermophysical properties of helium 4 are presented for temperatures

from 2 to 1500 K for pressures to I000 atmospheres. The tables include, entropy,

enthalpy, internal energy, density, volume, speed of sound, specific heat, thermal con-

ductivity, viscosity, thermal diffusivity, Prandtl number and the dielectric constant for

62 isobars. Also included in the isobaric tables are quantities of special utility in heat

transfer calculations: (_P/5V)T, (JP/JT)p, V(_H/_V)p, V(JP/JU) V, -V(_P/_V) T,

1/V(_V/_T)p.

In addition to the isobaric tables, tables for the saturated vapor and liquid are

given which include all of the above properties, plus the surface tension. Tables for the

PpT of the freezing liquid, PpT of the lambda line, index of refraction and the derived

Joule-Thomson inversion curve are also presented. A computer program to calculate

the various properties is also available. Inquiries should be addressed to the National

Bureau of Standards, Cryogenic Data Center, Boulder, Colorado 80302.

Key Words: Density; dielectric constant; enthalpy; entropy; equation of state; fixed

points; heat transfer coefficients; helium 4; index of refraction; Joule-Thomson

coefficient; lambda line; latent heat; melting point; Prandtl number; specific heats;

speed of sound; surface tension; thermal conductivity; thermal diffusivity; vapor pressure;

viscosity; volume.

_' This work carried out at the National Bureau of Standards, supported by NASA-MSC

Contract T-1813A, and DOC/NBS Presidential Initiative Program in Cryogenics for

the Electrical Industry.
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i. Introduction

The purpose of this document is to assemble data on many of the properties of

helium commonly used in engineering calculations over as wide a temperature and

pressure range as is practical, and present these properties in a form which is con-

venient to the engineer. All of these properties have been critically evaluated and re-

present the "best values" for that property at this time.

The properties of helium 4 have been of great interest to the scientific and

engineering community for many years. Much of the interest, and consequently the

work, has been in the more spectacular properties 'of helium II, the superfluid phase.

The properties of the superfluid are not included here except for the PpT of the

boundary where the transition to the superfluid begins.

2. Thermodynamic and Related Properties

2. 1 PVT Surface

The PVT surface described by McCarty (1972) was used to calculate all of the

thermodynamic and related properties. The tables given here are essentially the same

as those found in the referenced document. Figure 1 shows the range of PT covered by

these tables, and table 1 gives estimates of uncertainties in density.

Table 1. Uncertainties in the PVT Data

Temperature Range Pressure Range Uncertainty in Density

Average Maximum

2 - 20 K 0 - 2 aim 0.1% 0.5%

2 - 20 K 2 - 1000 aim 0.5% 1.5%

Critical region Tc -+5%, Pc±20% 3% 8%

20 - 70 K 0 - 20 aim 0.5% 1%

20 - 70 K 20 - 1000 aim i% 2%

70 - 150 K 0 - 100 atm 0.1% 0.5%

70 - 150 K 100 - 1000 aim 0.5% 2%

150 - 400 K 0 - 100 aim 0.05% 0.2%

150 - 400 K 100 - 1000 aim 0.1% 1%

400 - 1500 K 0 - 100 atm 0.1% 0.5%

400 - 1500 K 100 - 1000 aim .2% 2%

(except in
critical region)

(no reliable experi-

mental data)
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Z. Z Derived Thermodynamic Properties

The enthalpy, H, speed of sound, W, entropy, S, and the internal energy, U, were

calculated directly from the equations taken from McCarty (1972)and should be identical

to those of McCarty when the proper unit conversions are applied.

2.3 Related Properties

number of parameters such as the specific heat input [V{bH/_V)p] are of useA

to the engineer. Several of the more useful quantities of this kind have been tabulated

here for the convenience of the user. These quantities have been derived from the

equation of state in the following manner.

Specific heat input

Energy derivative

p C p _ ' bP bP

v Cv v

Isothermal bulk modulus

a=V _ T

Volume expansivity

f_ = "-V" p P

(bP) (3)
=-P _ T

(4)

Z. 4 Heat Capacities

The heat capacities, CV, Cp which appear in this document are taken from

McGarty {197Z). Except for the critical region and near the boundaries of phase change_,

the uncertainty of the tabulated specific heats is estimated to be no greater than 5%.

At the critical point, and along the lambda line, the specific heats become

anomalous and no realistic estimates of accuracy may be made.



3. Transport Properties

3.1 Thermal Conductivity, 300 K and Below

For temperatures below 300 K, the thermal conductivity for helium-4 has been

calculated using the following equations.

k : Xo(T) ky(p, T) + Xc (p' T) (5)

where X (T) is the dilute gas contribution, k {P,T) corrects the dilute gas value for
o y

increasing densities and },c(p,T) predicts the enhancement in thermal conductivity in the

region near the critical point. The dilute gas contribution, X (T) for this temperature
o

region has been calculated from

Z(ln T)
(T) = e (6)

o

If x = In T, then

Z(T)= -4.36116Z2157 + 1.9Z50159286 x -0.52544120165 xZ + 0.090045763885x 3

-0.0054773874708x 4 (7)

where T is in Kelvin and )_ is in mW/cm-K.
O

The X (o,T) of equation (5) is given by
Y

X (P,T) = e (B(T)p + C(T)PZ)
Y

• (8)

if x = _n T, then

B(T) = EXP(4.747066061Z - 5.3641468153x + 3.4639703698x 2 - 1.0702455443x 3

+ 0.1571349306x 4 - O. O089Z140047x 5 (9)

and

C(T) = Z.Z109006708 + 187.74174808/T - IZ81.0947055/T z + 3645.2393ZI6/T 3

3986. 6937948/T 4 (i0)

where T is in Kelvin and p is in g/ca 3. The X (P, T) of equation (5) is given by
C

Xc(O,T) = 0.000649578 &C (o,T) (Ii)
P

where the AC is the C at p and T minus the C at p and T = 11.83 K. For T > 11.83 K,
P P P

p > .12 g/cm 3 or AC negative, k (p, T) is taken to be zero. The units of C must
p c P

be J/mol-K and the resulting units of thermal conductivity are mW/cm-K. There are

no known thermal conductivity measurements for helium-4 in the region of the critical



point, and equation(11) is basedonvalues scaledfrom hydrogen. The other term in

equation(5), the k0 {T) ky(p,T) term relies heavilyon two sourcesof experimental
data, GolubevandShpagina{1966}andKerrisk (1968}. Thesedatawere used by Roder
{1971}andArp (1971) to determine equations (7, 9, i0}. Figure Z shows the pressure

and temperature regions covered by these two sources and figures 3 and 4 show typical

differences, including the maximum differences, between the calculated and experimental

conductivities.

3. Z Thermal Conductivity, 300 K and Above

When correlating thermal conductivity data it is common procedure to separate

the equation into additive parts, with the to(T), or dilute gas contribution being a function

of temperature only and tE(p, T), called the excess or dense gas contribution being a

function of density and temperature. For the heavier fluids, the temperature dependence

of tE(p, T) is so slight that it is usually neglected; however for helium this is not the case,

and although equation (5) is multiplicative rather than additive, it does take into account the

temperature dependence of the excess function. Since no experimental data above 300 K

were used in obtaining the various parts of equation (5) it was not used for temperatures

above 300 K. For temperatures greater than 300 K, the thermal conductivity has

been calculated using the following equations

I = I:(T) + IE( _, T) (lZ)

( oX'(T) = 1.53220256T + C (13)
O

where T is in Kelvin, Xo'(T) is in mW/cm-K and C is a constant such that t'o(T) from

equation (13) = t (T) from equation (6) at T = 300 K.
O



2.0 I i i I I

- Golubev,Shpagina (1966)

;,_-_
. -_ _ -

_ 1.2 -

_08 -

-
-_ " _ _'_ ) Kerrisk

- _ l(,,_)
o- i I I _ I

0 0.08 0.16 0.24
DENSITY, g/cm 3

Figure 2. PVT Range of Experimental Data for Thermal

Conductivity.
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In selecting a suitable representation of the dilute gas contribution for tempera-

tures above 300 K, the correlation by Tsederberg, et al., (1969) was considered but

was not used for two reasons. First, their value at 300 K was in disagreement with our

best estimates by an excessive amount and, second, the ko at higher temperatures,

(2000 °C), were not theoretically consistent with the recently measured dilute gas

viscosities, Guevara, et al., (1969). The representation which was finally selected

(equation 13) is from Maitland and Smith (1971), and was selected because the above

two objections to the equation proposed by Tsederberff, et al., (1969) were

not present. The original equation from Maitland and Smith (1971) is for the dilute

gas viscosity and has been converted to thermal conductivity by a proportionality constant.

The kE(O, T) of equation (12) is given by

XE(p, T) = XE(0) = _o(300) [)_y(O,

evaluated at p and T = 300 K.

results for all p at 300 K.

300) 1]

Thus equation (5) and equation (IZI will give identical

3.3 Viscosity Below 100 K

For temperatures of 100 K and below the equation

I

Pn _= _ (T) + "_.. (o,T)

was used to calculate the viscosity for helium. If × = _n (T), then

_ (T) = -0.135311743/x + 1.00347841 + 1.20654649× -0.149564551× _

+ 0.0125Z08416× a

and

where p is in

(p,T) = 0 B(T)+ pe C(T)+ p3 D(T)

glcm 3 , and

B(T) = -47. 5295259/× + 87. 6799309 -42. 0741589x + 8.33128289x 2 -0.589252385x e

(14)

(15)

(16)

(17)

(18)



C(T) : 547.309267/× -904.870586 + 431.404928x -81.4504854× a

+5.37008433x 3 {19}

D(T) : -1684.39324/× + 3331.08630 -1632.19172× + 308.804413× 2

- 20.2936367× 8 (20)

The resulting viscosities are in tig/cm.s. Equations (15-20) are from Steward, et a1.(19711.

Steward's work included new measurements from 4 to 20 K at pressures from the dilute

gas region to 10 MN/m p. Steward reports a standard deviation of .032 in the natural log

of the viscosity in the units of _g/cm. s. In addition, Steward proposes the possibility of

an uncertainty of _ 8%.

3.4 Viscosity Between 100 and 300 K

Steward included a few points calculated from the Enskog theory (Hanley, et al.,

1971) when the equations (15-20) were derived. He found this necessary to enable the use

of these equations up to 300 K; however, from 100 to 300 K the dilute gas values of

Steward differ by 2.5% from a recent correlation by Maitland and Smith (1971). Since

Steward reports using calculated dilute gas values and the correlation of Maitland and

Smith is based on experimental data, the dilute gas values of Maitland and Smith were used

for all T > 110. Between 100 and 110 K, a linear average of the dilute gas values of

Steward and Maitland and Smith was used. In the 100 to 110 K temperature range the dense

{,,as contribution for viscosity was calculated from Steward's equations. The equations for

viscosity between 100 and 300 K are:

7_(0,T) : 7]o (T) + lie (p,T) (21)

where

71938 (12.451/T -295.67/T 2 -4. 1249) (22}
T_(T) = 196T" e

and

: e[1]c(T)+ 7]_2 (p,T}] [ l] o (T)+ 1]_2 (0,T) ]
l]g -e (23)

where p is in g /cm 3, T in Kelvin, and _ is in _.g/cm.s.

3.5 Viscosities for Temperatures Above 300 K

Since Steward's analysis did not include any dense gas data for temperatures above

300 K, either calculated or experimental, the temperature dependence of the excess

function given by equation (23) was frozen at 300K. When equation (23) is fixed at 300 K,

the resulting equation is a function of density alone and gives results similar to the excess

10



function of Tsederberg, et al., (1969). Therefore, for temperatures above 300 K, the

viscosities were calculated using equations (21-23) except that equation (23) was always

evaluated at 0 and T = 300 K. The uncertainty of the viscosity for T > 100 K is

estimated to be maximum of ± 10%.

4. Surface Tension

The surface tension for helium-4 has been calculated using the equation

V = vo ( I - T/T c ) (24)

where _¢o = 0.5308 dyn/cm and T c = 5.2014 K. The vo is based on a least squares

fit of equation (24) to the data of van Urk, et al. , (1925). Since the [east squares fit

of equation (24) was performed two sources of experimental data have appeared.

Ttlese are Dickson, et al. , (1970), and Devaraj and Hollis-Hallett (1967).

Figure 5 shows that v_ would not change appreciably if these new data were included in

a refit.

5. Dielectric Constant

The dielectric constant of a fluid may be calculated from the Clausius-Mossotti

equation:

¢- 1 1
- p I25)

¢+2 p

where ¢ is the dielectric constant, p is the density, and p is the specific polarizability.

a property of the substance having dimensions of specific volume. Recent measurements

of the dielectric constant by Kerr and Sherman (1970) indicate that for helium-4 the

-pecific polarizability i_ a w_ak function of density and that the first density correction is

negative. For the calculations here, the equation:

p = 0.123396 - 0.0014 p

was used, where p is the specific polarizability in cmS/g

(26)

and p is the density in g/cm s.

The uncertainty of the tabulated values of dielectric constant is estimated to be 0.01%.

ll
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6. Index of Refraction

The refractive index of a non-polar fluid depends on the wavelength of the incident

radiation and on the density of the fluid. However, the dependence on wavelength can be

treated independently of the dependence on density. The Cauchy dispersion formula:

r A = r(p,h) = ro_(p) + 01 /A 2 + @_ / h 4 (27)

assuming the equivalence of the Maxwell's relation

: n _ (28)

to

p -- r
(29)

allows the calculation of r from the polarizability as a function of density and
¢0

r_ (p) = O. 123396 -0.0014 _ (30)

where 0 is density in g/cm s. Equation (30) was then substituted for tile first term in

equation (27) and 9_ and 0_ were determined by least squares estimation using

dispersion data from Landolt-B6"rnstein (1962). The resulting values were

01 = 33701.617944 and @a = -12325284955. The specific refraction, r A, is in cm'_/g,

density, p, is in g/cm s, and the wavelength, A, is in A. Values of the index t)f

refraction n in table 2 have been calculated from equations (27), (30), and (31).

n a - 1 1
= --

rA n2 + 2 _ (31)

A comparison between experimental measurements of the index of refraction (Edwards,

1956, 1957, and 1958) and those calculated using equation (31) shows agreement to

better than 0.1%, except with those values from the 1956 reference. Edwards (1956) and

(1958) papers both report values of the index of refraction for the saturated liquid of

helium-4. However, the values in the 1956 paper are about 4% higher than those in the

1958 paper, and the 1956 values are presumed to be in error. Figure 6 shows n as

a function of density for the saturated vapor and saturated liquid conditions. The

points are from Edwards (1957 and 1958).

13



Table 2. Index of Refraction of Saturated Liquid Helium at Three Wavelengths

Temp

K

2 2

2 4

2 6

2 8

3 0

3 2

3 4

3.6

3.8

4.0

4.2

4.4

4.6

4.8

5.0

4358

n

1.02881

I. 02864

1. 02841

1. 02814

1. 02782

1. 02745

1. 02703

1.02656

1.02602

1. 02541

1. 02471

1. 02389

i. 02290

1. 02163

1.01986

5462

rl

1 02867

1 O2849

1 02827

i 02800

1 02768

1 02731

I 02690

i 02643

1 02589

1 02528

i 02459

i 02377

l 02278

1 02152

I O1976

6939

n

1 02857

1 02839

1 02817

1 02790

1 02759

1 02722

1 02681

1 02634

1 02580

1 02520

1 02450

l 02369

I 02270

i 02145

l 01969

14
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7. Thermal Diffusivity

The thermal dfffusivity of a fluid is defined as

oc = _./(p Cp)

where = is the thermal diffusivity, X is the thermal conductivity, and C is the
P

specific heat at constant pressure. The tabulations of thermal diffusivity in appendices

D and E have been calculated using the above equation, and O, },, and Cp in the tables.

The uncertainty of = is estimated to be ZO%, except in the critical region.

as:

where

(32)

8. Prandtl Number

The Prandtl number is frequently used in engineering calculations and is defined

Pr = Cp 1] / X (33)

Pr is the Prandtl number, Cp is the specific heat at constant pressure, _ is the

"_, %, and Cp

, the

viscosity, and X is the thermal conductivity. The tabulations of the Prandtl number in

appendices D and E have been calculated from equation (33) using values of

from adjacent entries in the tables. Since Pr is a function of both "n and

uncertainty in Pr could be as much as 25%.

9. Joule-Thomson Inversion Curve

The Joule-Thomson coefficient for a fluid is defined as:

J = (ST/SP) H (34)

The locus of points where _ = 0 is called the Joule-Thomson inversion curve: see figure

7. The inversion curve as gwen m table 3 has been calculated usm_ the relattonst_lp:

T (7_P/3T)p = p (SP/3p)T (35)

and the equation of state from McCarty (1972).
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Table 3. Joule-Thomson Inversion Curve

Temperature

K R

4.5 8.1

5 9.O

6 I0.8

7 12.6

8 12.4

9 16.2

I0 18.0

12 21.6

14 25.2

16 28.8

18 32.4

20 36.0

22 39.6

24 43.2

26 46.8

28 50.4

30 54.0

32 57.6

34 61.2

36 64.8

38 68.4

40 72.0

42 75.6

43 77.4

Pressure

arm psia

1. 821 26.76

3. 768 55.37

7.266 106.8

10.74 157.8

14.10 207 2

17.31 254 4

20.36 299 2

25.57 375 8

29.29 430 5

32.07 471 3

34.44 506.2

36.18 531.7

37 33 548.6

37 93 557.4

37 98 558.2

37 48 550.8

36 40 535.0

34.71 510.1

32.32 475.0

29.13 428.0

24.89 365.8

19.11 280.8

9.80 144.0

.03 .5

tool/

30.83

30.68

30.03

29.53

28. 99

28.43

27.86

26.42

24. 72

23.07

21.61

20.20

18.82

17.48

16.15

14.83

13.49

12. 13

10.71

9. 194

7. 527

5. 567

2. 780

.009

Density

ib /ft_

7 703

7 667

7 504

7 378

7 245

7 I06

6 962

6 602

6 177

5 764

5. 400

5. 046

4. 703

4. 367

4. 035

3. 705

3. 372

3. 030

2.675

2.297

1.881

1.391

.695

•002
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10. The Melting Line

The melting curve for helium may be calculated using the Simon melting equation.

P = -17.80+ 17.31457 T 1'555414 (36)

where P is in kg/cm e and T is in Kelvin. The constants in equation (36} were reported

by Mills and Grilly (1955), and were based on their experimental data which extended

from the upper lambda point to 30.77 K where they found the melting pressure to be

3555.6 kg/cm e. In a later paper (Grilly and Mills, 1959) a separate equation is reported

for temperatures between 1.8 and 5.2 K. This equation is:

P = 33.28 - 44.156 T+ 31.799 T _ 4.8159 T 3 + 0.30313 T ¢ (37)

where P is in kg/cm e and T is in Kelvin. The values in table 4 have been calculated

using equation (37) for T _ 5.2 and equation (36) for T > 5.2

Temperature

K R

2.0 3.60

2 5 4.50

3 0 5.40

3 5 6.30

4 0 7.20

5 0 9. OO

6 0 I0.80

7.0 12.60

8.0 14.40

9.0 16.20

10.0 18.00

12.0 21.60

14.0 25.20

16.0 28.80

18.0 32.40

20.0 36.00

22.0 39.60

24.0 43.20

26.0 46.80

28.0 50.4O

30.0 54.00

Table 4. Melting Line for Helium-4

Pressure

arm

37.25

56.35

78. 91

I03.83

130.49

188.67

254.77

328.47

408.27

493.81

584.82

782.21

998.83

1233.37

1484.81

1752.29

2035.05

2332.48

2644.01

2969.14

3307.44

psia

547.4

828.2

1159.6

1525.9

1917.7

2772.8

3744.1

4827.1

5999.9

7257.1

8594.4

I1495.4

14678.8

18125.7

21820.8

25751.6

29907.1

34278.1

38856.3

43634.5

48606.2

Liquid

mol/_

46.18

48.67

50.97

52.94

54.63

57.54

60 25

62 85

65 30

67 63

69 85

73 91

77.37

80.43

83.34

86.07

88.67

91.17

93.60

95.98

98.34

Density

ib/cu-ft

11.540

12.162

12.737

13.229

13.650

14.378

15.055

15.704

16.317

16.900

17.455

18.468

19.332

20.096

20 824

Zl 507

22 156

22.780

23 387

23 983

24.573

lq



Table 5. PoT of the Lambda Line

Temperature

K R

2. 172 3. 910

2.15 3.87

2.10 3.78

2. O5 3.69

2.00 3 6

1.95 3 51

1.90 3 42

1.85 3 33

1.80 3 24

1. 763 3 174

Pressure

aim

0• 0497

2.33

6.84

10.91

14.68

18.22

21.55

24. 70

27.67

29. 74

11.

psia

•730

34.24

100 5

160 3

215 7

267 8

316 7

363 0

406 6

437 l

The Lambda Line

Density

g/cm s lb/ft s

0.1462 9.127

0.1506 9.402

0.1576 9.839

0.1627 10.16

0.1669 I0•42

0.1705 i0.64

0.1736 i0.84

0.1763 ll.01

0.1788 If.16

0.1804 I1.26

The boundary of the superfluid phase (helium II) of liquid helium-4 is known as

the lambda line. The lambda line begins at 2. 172 K on the saturated liquid line and

continues through the liquid phase to intersect the melting curve at 1.763 K. Table 5

gives the PoT of the lambda line as reported by Kierstead (1967).

12. Summary

The lack of sufficiently accurate experimental data for helium between the

temperatures of 2 and 70 K has hampered the efforts of correlating the PVT surface by

McCarty (1972). This is especially important for the temperature range of 2 - 20 K where

small amounts of accurate data do exist but these data cover very restricted ranges of

temperature and pressure. A single set of self consistent data covering the entire

pressure and temperature range is needed.

The purpose of the previous sections has been to describe where or how the values

were obtained in assembling the various tables and graphs presented here. Most of the

material has been taken from McCarty (1972) and formulas and descriptions given there

have not been repeated here•

In addition, an effort has been made to assign realistic uncertainties in the data

wherever possible. Uncertainty is defined here to be an estimate of accuracy at a 95%

confidence level. These assignments are made in the text of the section or subsection

concerned with that property. Finally, the number of digits in the tables of appendices

D and E should not be taken as an indication of accuracy of the number. The tabulations

are a direct copy of computer printouts where it is often necessary to present more digits

for a property than its accuracy justifies.
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AppendixA. List of Symbols and Units

The calculation of the tables and properties presented here was performed in

many different systems of units, and converted to the units shown below at the very end of

the calculations; therefore the reader is cautioned to pay particular attention to the units

when consulting individual sections of this document. All conversion factors have been

taken from the National Aeronautics and Space Administration Report Number SP-7012

(Mechtly 1 964).

R

P

V

T

P

C

= gas constant, 20. 5006 cma-atm/g-K

= pressure, arm

= specific volume, cma/g

= absolute temperature, K

= density, g/cm s

= specific heat at constant pressure, J/g-K
P

C = specific heat at constant volume, J/g-K
v

S = entropy, J/g-K

H = enthalpy, J/g

U = internal energy J/g

W = speed of sound, m/s

(_P/bT)p = isochore derivative, atm/K

(bP/_0)T = isotherm derivative, cm_-atm/g

z

=

=

B =

n --

r =

Pr =

p =

J =

k =

e =

y =

A =

specific heat input, J/g

energy derivative, atm-cm a/J

isothermal bulk modulus, arm

volume expansivity, i/K

index of refraction, dimensionless

specific refraction, cm 3/g

Prandtl number, dimensionless

specific polarizability, cm 3/g

Joule- Thomson coefficient, K/arm

thermal conductivity, mW/cm-K

viscosity, g/cm- s

dielectric constant, dimensionless

surface tension, dyn/cm

wavelength, angstrom

thermal diffusivity, cm e/s

Z3



Critical Point

Pc =

T c =

Pc =

Appendix B. Fixed Points

32. 99 psia (2.245 aim)

9. 3625 IR (5. 2014 K)

4. 348 ibm/ft 3 (0.017399 mol/cm s)

Normal Boiling Point

P = 14. 696 psia (1 atm)

T = 7. 604 R (4. 224 K)

Pgas = 1.054 lbm/ft3 (0.004220 mol/cm 3)

Pliqui d = 7.80Z lbm/ft 3 (0.03122 mol/cm 3)

Lower Lambda Point

P = 0.730 ps[a (0.0497 atm)

T = 3.919 i_ (2.177 K)

Pliquid = 9.127 Ibm/ft m (0.03653 mol/cm 3)

Upper Lambda Point

P = 437.1 psm (29.74 atm)

T = 3.174 IR (1.763 K)

Pliquid = ii.26 ibm/ftm (0.04507 mol/cm m)

Appendix C.

Temperature

Pres sure

Specific Volume

Internal Energy

Entropy, Specific Heat

Thermal Conductivity

Viscosity

Speed of Sound

Molecular We ight

Surface Tension

Conversion Factors

1.8R = 1K

14.695949 psia = 1 aim = 1.01325 x 105N/m z

0 004002013 ft3/lbm = 1 cm3/mol

0 107483 BTU/lbm = 1 J/tool

0 0597126 BTU/lb m R = 1 J/mol-K

0 0578176 BTU/ft-hr-R = 1 mW/cm-K

0 067196897 lbm/ft-s = 1 g/cm-s

3 Z808 ft/s = 1 m/s = m/s

4. 0026**

0.5710147 x 10 -s lbf/Ln = 1 dyn/cm

(1 dyn = 10 -s N)

* Fixed Points from McCarty (1972)

** On the C ta = 12.000 scale
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TEMP PRESS

OEG. K aT_

2.177 0.0_969

2.177 0.0k96_

2-20 0.05256

2.20 0.05256

2.25 0.05916

2.25 0.05916

2.30 0.06629

2.30 0.06629

2.35 0.07399

2.35 0.07399

2.40 0.08228

2.40 0.08228

2.45 0.09120

2.45 0.09120

2.50 0.1008

2.50 0.1008

2,55 0.1110
2.55 0.1110

2.60 0,1_19

2.60 0.1219

2.65 0.1336

2.65 0.1336

2.70 0.1460

2.70 0.1460

2.75 0.1591

2.75 0.1591

2.80 0.1730

2-80 0.1730

2.85 0.1878

2.85 0.1878

2.90 0.2033

2.90 0.2033

2-95 0.2198

2.95 0.2198

3,00 0,2371

3.00 0,2J71

3.05 0.2553

3.05 0.2553

3.10 0.27_

3.10 0.274_

3.15 0.20_5

3.15 0.2545

3.20 0-3156

3.20 0.3156

3.25 0.3376

3.25 0.3376

3.30 0.3607

3.30 0.3607

3.35 0.3848

3.35 0.3848

3.40 0.4100

3.40 0.4100

3.45 0.4363

3.45 0.4363

3.50 0.4637

3.50 0.4637

3.55 0.h923

3.55 0.4523

3,60 0.5220

3-60 0.5220

3.65 0.5520

3.65 0.55_

Appendix D, Saturation Propertles

THERMODYNAMIC PROPERTIES OF COEXISTING GASEOUS AND LIQUID HELIUM

VOLUHE [SOTHERH ISOOMORE INTERRAL ENTHALPY ENTROPY

CC/G DERIVATIVE DERIVATIVE ENERGY

_" K 100 CC-ATMI6 ATM/K JIG JIG J/G-K

0,06839

8.h94 39.0 0.0246 21.14 25.41 11._2

0.06842 453.0 1.58 3.24_ 3._76 1.671

8.099 _C.O 0,0258 71.19 25,51 11.85

0-06850 449.0 1-81 3.388 3.429 1.738

7.327 40.5 0,0285 21.32 25.71 11.71

0.06860 446.0 2,02 3.521 3.567 1.796

6.65_ 41.0 0.0315 21.44 2_-91 11.57

0.068?0 441.0 2.20 3,64_ 3.695 1.8_9

6.062 41.5 0.0346 21,56 2_.11 11.45

0.06882 436,0 2.37 3.758 3,816 1,898

5.540 hl,9 0.0379 21,68 26,30 11,32

0.06894 431,0 2.51 3.868 3,932 1.943

5.077 42.4 0,0_1_ 21,80 21.49 11,20

0.06907 425.0 2,64 3.775 h.045 1.986

4,665 42.7 0.0451 21.91 26.60 11.09

0.06921 418.0 2.76 4.07_ 4.157 2.027

4.297 43.1 0.0_90 22.03 26.86 10.98

0.06936 _12.0 2.85 k.184 4.269 2,068

3.967 43._ 0.0532 22.14 27.0_ 10.8T

0o06952 _05,0 2-95 4.28_ 4.382 2-100

3.670 43.7 0.0575 22.25 27*21 10.76

0.069_ 398,0 3.04 4.393 4._96 2.1k7

3,402 43,9 0,0621 Z2.35 27.38 10.66

0.06986 390.0 3.11 h.50C h.612 2.186

3.160 4_.1 0.0670 22.46 27.55 10,56

0.07004 382.0 3.18 W.608 h.731 2.225

2.941 4_,3 0.0721 22.56 27.71 10.47

0.07023 375.C 3.2W W.710 4.851 2.265

2.741 44.5 0.0775 22.66 27.87 10.37

0-07043 367.0 3.30 4.830 k.975 2.304

2.559 44.6 0.0031 22.76 28.03 10.20

0.07064 358,0 3.35 _.944 5.102 2.343

2.393 _4.7 0.0891 22.85 2_,18 10.19

0.07005 350.0 3._0 5.061 5.231 2.382

2o2_1 44.7 0.0953 22.q4 20.33 10.11

0.07107 _41.0 3.k4 5.181 5.364 2.422

2.101 _.8 0.102 23.03 ?8,47 10.02

0.07130 333.0 3.48 5.30_ 5.501 2-_62

1.972 44.7 0.109 27,12 28,61 9.937

0.07155 324,0 3.52 5,h27 5.640 2,502

1.854 44.? 0,116 23.21 28.74 9._55

0.07180 316.0 3.55 5.55_ 5.283 2.542

1.7_5 _4.6 0.123 23.29 28.87 9.774

0._7205 307.0 3.50 5.66_ 5,930 2,583

1,_44 44.5 0.13_ 23.37 20.99 9.694

0,07232 298,0 3.61 5.816 6.001 2.62k

1,550 4_.3 0.139 23.44 29.11 9.E16

0.07261 289.0 3.64 5.952 6.235 2.666

1,k63 44.1 0.148 23.51 29.22 9.53q

0.07290 281.0 3.b6 6.090 6.393 2.706

1,382 43.? 0.157 23.58 29.32 9._63

0-07320 272,0 3.68 6.232 6.555 2.748

1.307 43.6 0.166 23.65 29.40 9._89

0.07352 263.0 3.69 E.376 E.722 2.790

1.237 43.3 0.176 23-71 29.52 9.314

0._385 25_.0 3.71 6.524 6.893 2.832

1.171 42.9 0,106 23,77 29.61 9,241

0.07419 245.0 3.72 6,675 7.066 2.875

1.110 _2,5 0,197 23.82 29.69 9.169

0,0745W 237.C 3.73 6._30 7,247 2,910

1.053 42.1 0.208 23.87 29.77 9.097

CV

3.20

3.10

3.20

2.73

3.20

2._E

3.21

2.25

3.21

2.10

3,22

2.00

3.22

1.93

3.22

1.88

3.23

1.85

3.23

1.04

3.24

1.8_

3.24

1.84

3.24

1.85

3.25

1,87

3.25

1,88

3.26

1.90

3.26

1.92

3-26

1.94

3.27

1-96

3.2?

1.98

3.27

2.00

3.28

2,02

3.28

2.04

3.28

2.06

3.29

2.0?

3.28

2.09

3.29

2.11

3.30

2.13

3.30

2.14

3.30

2,16

3.31

J/Q-K

CP

5.61

3,16

5.13

2.81

5.66

2.56

5-69

2.30

5.73

2-25

5.77

2.17

5.81

2.13

5.85

2.11

5.89

2.10

5.93

2.12

5.98

2.14

6.02

2.18

6.07

2.22

6.13

2.2T

6.18

2.31

6.24

2.3?

6.30

2.42

6.36

2.48

6.42

2,54

6.49

2.60

E.EE

2.62

6.6W

2.73

6.72

2.80

6.80

2.87

6,89

2,95

6._8

3.02

?.08

3.10

7.18

3.1q

?.29

3.28

7.40

3.3?

7,52

VELOCITY

OF SOUND

M/S

_4.10

216.1

_4.45

216,_

86.19

216.7

05.91

217.1

86.61

217.4

87.29

217.7

67.95

2_7.9

88.59

217.9

09.22

217.7

89.82

217.4

50.40

216.9

50.97

2_6.3

91.51

215-5
92.04

214.7

92.56

213,7

93.05

212.6

_3.53

211.5

93.99

210.3

54.44

209.1

94.67

207.8

_5.20

206.5

95.68

205.2

96.06

203.8

96._2

202.k

56.77

201.0

_7.10

199.5

97.41

1_8.0

97.71

1_6.5

98.00

194.9

98.27

193.4

$8.52

SURFACE

TENSION

CYN/CM

0,3063

0.3012

0.2561

0.2910

0.2059

0.2808

0.275?

0.2706

0.2655

0.2604

0.2553

0.2502

0.2451

0.2400

0.2349

0.2298

0.224?

0.2195

0-214_

0.2093

0.2042

0.1991

0.19_0

0.180_

0.1838

0.1787

0,1736

0.1685

0.163_

0.1583
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THERMODYNAMIC PROPERTIES OF CO['XISTING GASEOUS AND LIQUID HELIUM

TEMPERATURE OENS[TY V|OH/OV) _(DP/0U) -V(OPIOV) T (OVIOT)/V
G/CC P _ P

DEG. K o• X 100 JIG ATM-CC/J ATM I/DEG- K

• 2.177 lk.62

• 2.177 0.1177 10.? 6.53 0,0468 0*525

2.20 14.61 13]-0 3.48 66.1 0.0230
2.20 0*1Z35 10,8 6.53 O.OqSR 0,922

2.25 14.60 102.0 4.54 69.6 0.0276

Z,25 0,1365 11.0 6.$3 0,0553 0,516

2.30 lk,55 92.2 5,64 64,9 0,0311

Z.30 0.1503 11.Z 6.52 0.0617 0,510

2.35 14,96 69,2 6.72 64.2 0,0343

2*35 0.1649 11,k 6,57 0.0609 0.505

2.40 14.93 60.3 7,74 63,k 0.03?4

Z.40 0.1805 11.5 6.92 0.0757 g,SO0

?.45 14.51 54.0 8.66 62-5 0.0_02

2.49 0,1970 11.7 6.52 0.0834 |.496

2,50 14._0 49,5 9.47 61.5 0,0430

?.50 0.2_4 11.9 6.57 0.0916 0.492

2.55 14,45 46.2 10.1 60,9 0.0456

2.59 O.Z3Z? 12.0 6.57 0,100 0.489

2.60 14.42 43.7 10-7 59.4 0-0482
2.60 0.2521 12.2 6.52 0.109 0.486

2-65 14.30 41.8 11-? 58.2 O-OSO?

2.65 0.Z725 12.4 6.57 0.119 0,403

2,70 lk.39 40.3 11.5 57.1 0.0532

2.70 0.2939 12.5 6.53 0.129 0.481

2.75 14o31 39.1 11,0 55.9 0*055?

2.75 0.3164 12-7 6-53 0.1_0 0.480

2,80 14.20 36,1 12,0 5k.6 0,0982

2.80 0.3401 17.0 6.53 0.151 0.4?0

Z.85 14.24 37.3 12.2 53.3 0.0688

2,85 0.3648 12.9 6.53 0.167 0,4?7

Z.90 14.Z0 36.5 12.3 52,0 0.0634

2,90 0.3908 13.1 6.54 0.174 0.477

2.95 14.16 35.9 12,4 50.7 0.0660

Z. SS 0.4179 13.2 6.54 0,107 0.477

3,00 14.11 35.2 12.5 49.4 0.0688

3.00 0.4463 13.3 6.5_ 0.200 0.477

3.09 14.07 34.6 12.6 k8.0 0,0716

3,05 0._760 13,4 6.55 0.713 0.478

3,10 14.02 34.1 17,? _6,7 0,0746

3-10 0,5070 13.6 6-S$ 0.2?7 0.479

3,15 13.98 33.9 12,? 45.3 0.07?6
3.19 0.5394 13,7 6.96 0*Z41 9.460

3.20 13.93 33,0 12,7 44,0 0,0808

3,?0 0,5731 13.8 6.56 O.ZS6 0,402

3.25 13.80 32.5 12.0 42,6 0.0641
3.25 0.608_ 13.9 6.57 0.271 0.484

3,30 13.83 32,0 12.8 41,? 0.0876

3.30 0.6492 14.0 6,57 0.286 0,487

3-35 13*77 31.S 12.8 39,9 0.0912

3.35 0.6839 14.0 6.58 0,302 0.490

3.40 13,?_ 31.0 t2,9 38.5 0.0990

3.40 0,7235 14.1 6.59 0.317 0.494

3.45 13.66 30.5 12.9 37.1 0.0591

3.45 0.7691 14.2 6.59 0.334 0,498

3.50 13,60 30.1 12.9 3S.8 0.103

3.50 0.8085 14.3 6.60 0.350 0.503

3,55 13.94 29.6 12,9 34.4 0.108

3.55 0,8537 14.3 6.61 0.367 0.508

3,60 13,40 29.1 12.9 33.1 0,113

3.60 0,9008 14.4 6.6? 0.383 0.514

3.65 13._1 20.7 12.9 31.? 0.118

3,65 0.9490 14.5 6,63 0.400 0,520

_7

THERHAL VISCOSITY THERMAL

CONDUCTIVITY GICM-S OIFFUSIVITY

HH/CM-K 4• X 1000000 SQ-CR/S

0.0447 5.38 0.00676

0.148 36.1 0.0003Z1

0.0453 5,45 0,80692

0.157 36,4 0*000370

0.0457 S.60 0,00604

O. ISS 36.7 0.000416

0,0480 S.76 0.00561

0,158 36,9 0,000456

0.0494 5,9Z 0,00523

0.160 37.1 0.000450

0,0508 6,Or 0.00408

0.163 37.2 0.0@0916

0.0521 6.23 0.00456

0.169 37.3 0.000539
O.OS3S 6.38 0-0042?

0.166 37.3 0.000547
0.0540 6.Y4 0.00400

0.160 37.3 0.000554

0.0562 6,69 0.00876

0.170 37.3 0,000596

0.0575 6.85 0.00353

0.171 37.3 0.000§56

0,0589 7.01 0.00333

0,172 37.3 0.000593
0.0603 7.17 0.00314

0.174 37.2 0.000548

0.0616 7.32 0.00296

0,17_ 37,1 0.000942

0,0630 7,48 0.00279

0,1?6 37.0 0.000535
0.0643 7.64 0.00264

0,177 36.9 0.000520
0,065? 7.80 0.00290

0.178 36.0 0.000921

O.06?t 7.96 0.00236

0.179 36.5 0.000513

0.0605 8.13 0.00224

0.100 36.9 0,000506

0,0699 0.29 0.00212

0,101 36,3 0.000498
0.0712 0.45 0.00201

0.102 36,2 0.000491

0.0726 0.62 0.00191

0,103 36.0 0.000483

0.0741 6.79 0.00181

0.164 35,8 0-0004?6

0.0795 8.95 0.00172

0.105 3S.7 0.000466
0,0769 9,12 0.00163

0.186 35,S 0,000460

0.0784 9.30 O.O01SS

0,107 35,3 0.000493

0.0798 9,47 0,00147

0.168 35.1 0.000445

0.0813 9.65 0.00140

0.105 34.9 0.000437

0-0028 9.02 0.00133

0.190 34.7 0.000429

0.0043 10.0 0.00125

0.19i 34,5 0.000421

0.00S0 10,2 0.00120

DIELECTRZC PRANOTL

CONS?ON? NUMBER

1.00044 0.675

1.05500 O*??i

1.00046 0.677

1.09494 0.674

1.00051 0,601

1.05486 0.605

1,00056 0.603

1.05470 0.556

1.00061 0.685

1.05460 0.521

1.00067 0.690

1.05458 0.497

1,00073 0,694

1.05440 0._87

1.00079 0.690

1,05436 0,4?2

1.00086 0.702

1.05424 0.468

1.00093 0.707

1.09412 0.467

1.00101 0.712

1.05399 0.468

1.00109 0.717

1-09389 0.471

1.00117 0.722

1,05371 0._79

1,00126 0,728

1.05355 0._01
1.00139 0.734

1.05341 0,487

1,00149 0.741

1.0S32S 0.493

1.00155 0,7_7

1.09309 O.SO0
1.08165 0-755

1,052g2 O.YO?

1.00176 0,762

1.05274 0.514

1,00180 O.?tO

1.05756 0.522

1.00200 0.?70

1,05230 0.$29

1.00212 0.787

1,05219 0.$37

1.00225 0,797

1.05199 0-545

1.00239 0.007

1.05179 0.553

1.00253 0.817

1.05157 0.562

1,00260 0.828

1.05136 0.571

1.00283 O.BRO

1,05113 O.SSO

1.00300 0.892

1.09090 0.509

1.00316 0.865

1.05066 0.599

1.00334 0.878

1.05042 0,610

1.003S2 0,093



THERHGOYNAMIGPROPERTIESOFCOEXISTING GASEOUS AND LIQUID NELIUN

T(HP PRESS VOLUH[ ISOTH[RN ISOCHOflE INTERNAL (NTHALPV ENTROPY CV CP VELOCITY

CC/G OERIVAfIV[ DERIVATIVE ENERGY OF SOUND

OEG* K ATN ee X 100 CC-&TMIG ATNIK JIG JIG JIGoK J/G-K HIS

3.T0 0.$849 0.07492 228.0 3.74 6.088 7.432 2.962 2.10 3.47 191.7

3.70 0.S849 0.999 41.G 0.220 23.92 20.84 9*025 3.31 7.68 qB.?5

3.79 0.6182 0.07S30 219,0 3.74 7.149 7,621 3*006 2.19 3.S7 190.1

S.?§ 0.6182 8.9487 41,1 0,232 23,96 29.91 8.954 3.31 7.79 08.9?

3.80 0.6S28 0.07S71 211.8 3.74 7.315 7,816 3.050 2.21 3.68 186.4

3,60 0.6528 0.9813 40.E 0.24S 24.00 29.96 8.884 3.32 7.94 99.17

3.89 0.6806 0.07613 202.0 3.74 7.464 8.016 3.095 2.23 3.80 186*7

3.8S 0.6886 0.6S67 40*0 0.256 24.04 30.02 8.813 3.32 8.10 99.36

3.90 0.72S7 0.07657 193*6 3.74 7.656 8.221 3.141 2.2S 3,92 104.9

3.90 O.TEST 0.0147 39,3 0.2?2 24.07 30.06 8.743 3,33 8.27 qg.5

S*BS 0,7642 8,07704 189.0 3.73 ?.836 8.433 3.187 2.26 k. OS 183.1

3.95 0.?642 0. T750 38,6 0.207 ZB.0g 30.09 0.6?3 3.33 O.kS 99.7

4*00 0.8040 0.0T752 176.0 3.72 8.019 8.6S0 3.234 2.28 k.19 101.2

4*00 0.0040 0.7373 37.9 0.302 24.11 30.12 8.603 3,33 8,ES 99-8

4.0S 0*04S2 0.0?803 166.8 3.T1 0.206 8.074 3,281 2.30 4,35 179.2

4,08 0.8452 0.7021 37.1 0.318 24.13 30.14 8.$33 3.34 0.87 99.g

4.10 0.86?8 0.078S6 159.0 3,69 8.398 9.109 3.330 2.32 4.51 177.2

4.10 0.80?0 8.666S 3G.Z 0.335 24.18 30.15 8.463 3.34 9.10 100.8

4.1S 0.9318 0.07912 1B1.0 3.67 8.S9E 9.3k3 3.3?9 2.34 4.69 175.2

k, lS 0.9318 0.6366 39.3 0.3S3 24.14 30.15 8.393 3.34 9.39 100.1

4.29 0.9??2 8.8?971 143.0 S.6S 6.?99 9.588 3.429 2.36 4,88 173.0

4.20 O.9FT2 0.6063 84.4 0.3?2 24.13 38.14 8.322 3.35 9.83 100.1

4.224 1.000 0000001 139.0 3.64 8*900 9,711 3.494 2.37 4.98 172.0

4.224 1.080 0.5921 33.9 0.381 24.13 30.13 8.287 3.39 9.T8 100.2

4.25 1.024 0.04034 138,0 3,62 9,008 9.842 3.480 2.38 5,09 170.8

4.25 1.024 0. S775 33.4 0.391 24.12 30.12 8.290 3.35 9.94 10002

4,30 1.073 0.08100 126.0 3,60 9.223 10.10 3.S32 2.40 5,32 168.6

4.30 1.073 0.5501 82.3 0.412 24.10 30.08 8.177 3.35 19.3 100.2

4.35 1,123 8.08169 118.0 3.56 9.446 10.37 3.$85 2.42 5.96 166.2

4.35 1.123 0.5239 31._ 0.434 24.08 38.04 8.104 3.36 10.7 100.2

4.40 1.174 0.08244 110.0 3.53 9.67S 10.66 3.640 2.44 S.86 163.8

4.40 t.1?4 0.4988 SO.O 0.457 24,04 29.98 8.029 3.36 11,1 100.1

4.4S 1.2E7 0.08323 102.0 3.49 9.913 10.95 3.695 2,47 0.18 161.3

4.45 1,227 0.4749 28.7 1.482 24,00 29.90 7.953 3.38 11.6 100.1

4.S0 1.262 0.08407 94.9 3.45 10.16 11,25 3.753 2.49 8.99 108.6

4.S0 1*282 0.4919 27.4 0,508 23.94 29,81 ?.076 3.37 12,1 100.0

4,53 1.339 1,08498 86.7 3.40 10,41 11,57 3.812 2.91 6.90 15S.9

4.SS 1.339 0.4297 E6.0 0,536 23.88 29.71 7.796 3.37 12.8 99.9

4.60 1,397 |.00596 79.0 3.$s 10.68 1t.90 3.873 2.s4 7.44 153.1

4,60 1.397 0.4904 24.s O.BGS 23.60 29.58 7.714 3.37 13.9 99,?

4.65 1.4S? 0,08702 71,4 3,30 10.96 12.24 3.93S 2.57 8.01 190.2

4.69 1.4S7 0.38T6 23.0 0.998 23,70 29.43 ?.829 3.38 14.4 99.6

4.70 1.919 6.06817 63.9 3.24 11.29 12.61 4*002 2.59 8.68 147,1

4.70 1.$19 0.$6?7 21.3 0.632 23.$9 29.25 ?.$40 3,38 1S.S 99.30

4,75 1.9|2 0.08945 SG.S 3.10 11.59 12.99 4.071 2.62 9.S1 144.0

4,75 1.S02 0.3403 19.5 0.670 23,46 29.04 ?,440 3.36 16.8 99-16

4.00 1.646 0.09086 49.2 3.tl 11.88 19,40 4,t44 2,66 10,5 140.7

4.00 1.648 0,3292 17.T 0.712 23,30 28.80 7,350 3.38 10.S 98.91

4.89 1.715 0.09246 42.2 3.03 12.22 13.83 4.221 2.69 11.9 137.3

4.AS 1.719 0.3103 l§.T 0.756 23.12 28.51 ?.246 3.39 28,? 98.89

4.90 1.784 8.09427 38.3 2.95 12.68 14.31 4.304 2.73 15.6 133.7

4.90 1.784 0.2919 IS,7 0.609 22.90 28.16 ?.133 3.39 23.6 $8.37

4.95 1.8§6 0.09639 26.6 2.06 13.00 14.81 4.394 2.76 16.1 129.9

4.98 1.686 0,2733 11.S 0.069 22*63 27.7? ?.OlO 3.39 27.9 98.09

5.00 1,92g 0.09893 22.1 2,76 13.45 19.39 4.499 2.81 19,9 126,0

S.O0 1,929 0.294S 9.ZS 1.930 22.31 21.28 6.871 3.39 34.E 97.83

5.89 2.004 0.1021 16-0 2.64 13.94 16.04 4,609 2.86 E6.1 121.8

S.OS Z.004 0.2349 6.00 1.02 21.89 26,66 6,710 3.36 46.2 9?.64

0.10 2,002 0.1063 10.3 2.S0 14.S8 1E.02 4.747 2.92 38.5 117.$

5.10 2.002 |.2137 4.44 1.13 21.32 25.83 6.§13 S.37 71.5 97.61

* 0.201 2.248 0,1496 -|,0§00136 1.74 18,10 21.36 S.$89

* 9.201 2.248 0o1436 -0.0000136 1.74 18,18 21.36 5,889

SURFACE

TENSZON

OYN/CN

0.1532

0.1481

0.1430

0.137q

0,1328

0.1277

0.1226

0.1175

0.1124

0-1073

0.1022

o-oqq?

8.89709

O.Oqlq9

0.00688

0008178

0.0?668

O.O?lS8

0,06048

0.06137

0.8962?

0,0Sl17

0.04607

O.OBiQ5

0.03586

0,83876

0.02566

O.I2ISS

0.02S45

I.illSS

0,000

• LANBOA POINT ANO CRITICAL POINT

++ NUflB(RS IN THIS COLUHN HAVE BEEN NULTZPLIEO BY INDICATED FACTOR

28



THERHOOYNAHIC PROP(RTI(S OF CO[XISTIHG GA5(OUS 8NO LIOUZD HELIUM

TEMPERATURE OENSITT ViDH/OV) V(DP#OU) v -V(OP/OV) T (OVIDT)/V
GICC P P

DEG. K *e X 100 J/G ATM*CCIJ ATH I/DIG* K

3.70 13.35 26.2 12.g 30.4 0.123

3.70 1.001 14.5 6.63 0.417 0*528

3.75 13.26 27,8 12,8 29.1 0,129

3.75 1.054 14,6 6.64 0.433 0.535

3,80 13.21 27.3 12.8 27.0 0,135

3.60 1.209 14,6 6,65 0.450 0.044

3.85 13.14 26.9 12.8 26.5 0.141

3-05 1.187 14.6 6.66 0,466 0.554

3,90 13.06 26.5 12.7 25,2 0.140

3.90 1.228 14.T 6.67 0.482 0.564

3,90 12.96 26.1 12.7 24.0 0.156

3.95 1,290 14.? 6,60 0,408 0,876

4.00 lZ.48 25.6 12.6 22.7 0.164
4.00 1.356 lk.? 6.69 0.$13 O*Seg

4.05 12,82 25.2 12.6 21.5 0,172

k. OS 1-424 14.? 6.70 0*526 0.603

4.10 12.73 24.6 12.5 20.3 0.182

4.10 1,496 1N.7 6.71 0.542 0,614

6.15 12.64 24,4 12,4 19.1 0*142

4*10 1,ST1 14.7 6,?Z O.5SS 0*636

4.28 12.04 24.0 12.3 17.9 0*204

4.20 1.649 14.7 6.73 0.567 0.655

4.224 12.50 23.7 12,3 17.3 0.210

4.224 1*689 14.? 6,74 0.5T3 0.666

4.25 12*40 23.5 12.2 16.8 0.216

4.25 1.732 14,7 6.75 0.578 8.677

4.30 12.35 23,1 12.1 10.6 0.230

4,30 1,818 14,7 6.76 0.588 0.701

4.35 12.24 22.7 12.0 14.5 8.246

4,3S l*gOg 14.6 6.77 0.596 0*229

4.40 12.13 22-2 11.g 13-4 0.264

4.40 2.005 14.6 6.78 0.602 0.760

4.45 12.02 21.8 11.8 12.3 0,284

4,45 2.106 14,5 6.00 0.605 0.796

4.60 11,89 21.3 11,6 11.2 0.30?

4*50 2.213 14.5 6*01 0.607 0.837

4.55 11,77 20.9 11,5 10,2 0.334

4*05 2.327 14.4 6,83 0*605 00885

4.60 11.63 20.4 1i,3 g.19 0*360

4.60 2,449 14.3 6,84 0.600 0.942

4.65 11*40 19. g 11.2 8.20 0.402
4.65 2,879 14.3 6.86 0.592 1,01

4,70 11.34 19.4 11.0 7.24 0.447

4.70 2,719 14,2 6.88 0.579 1.00

4,75 11,10 18.9 10.8 6.32 0,503

4.75 2.671 14.1 6. g0 0.561 1.10

4.00 11.01 18.4 10.6 5.42 8.574

4.80 3.037 14.0 6.92 0,037 1.32

4,65 10.82 17.6 10-4 4.56 0.665
4,85 3,221 13.8 6,g5 0-507 1,44

4,00 10.61 17.3 10.2 3,74 0.789

4.90 3.425 13.7 6.90 0,469 1.73

4. gs 10.37 16.7 10.0 2-06 0,965

4,95 3.608 13.6 2.01 0*422 2.06

S. O0 10.11 16.1 9.73 2.24 1,23

S,O0 3,930 13.4 7,05 0,364 2,58

S. OS 9.796 15,5 g,45 1.07 1.60

S.OS 4.250 13.3 7.10 0*203 3.49

S. 10 9.409 14-9 9.13 0*960 2.Sg

5,10 4.660 13.1 7.17 0.208 5.45

29

5*201 6,964

• 5.201 6.964

* LSHBOA POINT AND CRITICAL POINT

40 NUflB[RS ZN THIS COLUMN HAV2 BEEN HQLTZPLI[O 9Y INOZCATEO FACTOR

THERNAL VZSCOSITY THERH&L DZELECTRIC PRANOTL

CONDUCTIVITY G/CM-5 OIFFUSIVITY CONSTANT NUNBER

MWICN-K _ X 1000000 5Q-CM/S

0.191 34.2 0.000413 1.05016 0.621

0.0824 10.4 0,00114 1,00371 0.908

0.192 34,0 0.000404 1.04790 0.633

0.0000 10.8 0.00108 1.00391 0.924

0.192 33,8 0,000396 1.04983 0.646

0*0906 10.7 0.00103 1.00411 0*942

0.103 33.6 0.000387 1-04930 0.660

0.0922 lO*q 0*080975 1,80433 0.969

0.194 33.3 0*000378 1.04906 0*674
0.0930 11,1 0,000925 1,00406 0.980

0.194 33.2 0.000369 1.04876 0,690

O.OqS7 11,3 0.000822 1.00478 1.00

0,195 32,8 0,000380 1.04845 0.207

0,0974 11.5 0,000831 1.00003 1,02

0.195 32.6 0.000300 1.14813 0.226

0*0493 11,7 0.000706 1.|0528 1.05

0.196 32.3 0.000341 1.04260 0,745

0,101 11,9 0*000743 1,00S5Y 1.07

0*196 32.1 0.000331 1.04746 0,762

0,103 12.1 0.000202 1,00563 1,10

0.196 31.8 0.000321 1,04710 0.791
0.105 32.4 0,000662 1,00612 1.13

0.196 31.7 0.000315 1.04692 0.804

0.106 12.5 0,000643 1,00626 1*15

0.197 31.6 0.000310 1.04673 0.818

0.107 12.6 0.000624 1.00642 1.16

0.107 31.3 0.100299 1.04635 0,847

0,110 12,8 0*000086 1,00674 1.20

0,1q7 31.0 0.008286 1.04094 0.829
0.112 13,0 O. O00SYO 1,00700 1.24

0.197 30.7 0.000277 1.04553 0.916

0,114 13.3 0.000510 1,00744 1,20

0.197 30.4 0.000269 1.04509 0.957

0,117 13.5 0,000481 1.80781 1.33

0.199 30.1 |,0002SS 1,04463 0.994

0.120 13.8 0.000448 1.00821 1,39

0.19g 29.8 0.000243 1.04415 1,04

0.123 14,0 0,000415 1.00864 1,45

0.200 2g.s 0,000231 1.04364 1.10
0.127 14*3 0,000383 1,00909 1.52

0.201 29.2 0.000228 1.04310 1.16

0.231 14.6 0.000352 1.00957 1.60

0.202 z8,g 0.000205 1,04202 1,24

0.135 14.6 0.000321 1.01010 1.20

0.203 26.5 0.000191 1.04191 1.34

0.140 15,1 0.00029! 1.01066 1.81

0.205 28.2 0,000176 1.04125 1.45

0,147 15.5 0.000262 1.01128 l,gS

0.207 27.8 0,000161 1.04053 1.59

0.154 15.8 0.000232 1.01197 2.11

0.210 27.4 0.000145 1*03974 1.78

0.164 16.2 0.000203 1.01273 2.32

0.214 26.9 0,000128 1,03886 2.02

0.170 16.6 0.000174 1.01360 2.60

0.222 26.4 0.000110 1,03785 2.37

00198 17.0 0,000146 1,01461 2.9?

0.235 25.6 0,0000918 1.03666 2.87

0.232 17,5 0.000118 1.01S84 3,50

0,263 20,1 0.0000727 1.03520 3,68

0,381 16.1 0.0000901 1.01242 4,30



0.1 ATMOSPHERE ISOflAR

Appendix E, IBobaric propertkes

THERMODYNAMIC PROPERTIES OF HELIUM 4

ISOTHERM

DERIVATIVE

CC-ATM/G

TEMPERATURE VOLUHE
CC/G

OEG, K •J X *01

4 2.177 0.0683W

• 2.496 0.06906 4ZS.O 2.63 3.966 4.036

• 2.496 4.696 42,7 0.0448 21.90 26.66

2,5 4,705 42.6 0,0447 21.92 26.68

3.0 5.828 55.1 0.0357 23.61 29.52

3.5 6.914 66.5 0.0299 25.25 32,26

4.0 7.901 77,5 0,0259 26,06 34.95

q*5 g. O3Y 08.5 0,0228 28.45 37.61

5.0 10-09 99.2 0.0204 30.04 40.28

5.1 0.1062 10.4 2.$1 16.71 16.81

5.2 0,1306 O.SBZ 1.04 19.97 20,10
5.3 10.71 106.0 0.0192 30.99 41.04

5.4 10.92 108.0 0.0186 31.30 42.37

B.S 11-13 110.0 0.0185 31.62 42.90

5.6 11.34 112.0 0.0162 31.93 43-42

S.7 11.55 114.0 0,0178 32.25 43.95

5.0 11.76 116.0 0.0175 32.56 44.47

5.9 11.96 118.0 0.0172 32,08 45.00

6.0 12.17 120.0 0.0169 33,19 4S. SZ

6.S 13.21 131.0 0.0t56 34.76 45.15

7.0 14.25 141.0 0.0144 36.33 50.77

7-5 15.28 1BZ*O 0.0135 37.90 53.30

8.0 16.32 162.0 0.0126 39.47 $6.00

0.5 17.35 173.0 0.0110 41.03 58.61

9.0 18.38 163.0 0,0112 42.60 61.22

9.5 19.41 193-0 0-0106 44,16 63.83

10.0 20.44 204,0 0.0191 45.72 66.44
11.0 22.50 225,0 0.00913 48,05 71.65

12.0 24.06 245.0 0.00838 51.97 76.86

13.0 26.62 266-0 0.00772 Y5.10 82.07

14.0 28.67 286.0 0.00716 50.22 87.27

15.0 30,73 307,0 0.00666 61.34 92.47

16.0 32,70 328.0 0.00626 64.46 97.68

17.0 34.8W 340.0 0.00589 67.90 102.9

18.0 36,89 369.0 0,00006 70,70 100.1

19.0 38.94 309,0 0.00527 73,82 113.3

20.0 41.00 410.0 0.00501 76.94 118-5

21.0 43.09 430.0 0.00477 80.06 123.7

22.0 45.10 451.0 0.00455 83.17 120.9

23.0 47.15 472.0 0.00435 86.29 134.1

24.0 49.20 492.0 0.00417 89.41 139.3

25.0 51.26 513.0 0,00400 92.53 144.5
26.0 53.31 533,0 0,00385 95.64 149.?

28.0 57.41 574.0 0-00357 101.9 160.1

30.0 65.51 615.0 0.00334 $08.1 $70.4

32.0 65.62 656,0 0.00313 114.3 100.0

34.0 69.72 697.0 0,00294 120.6 191.2

36.0 73.82 ?38.0 0.00278 126.0 201-6

30.0 77.92 779.0 0.00263 133,0 212.0

40,0 02.02 020.0 0,0025| 139.3 222.4

45.0 92.27 923.0 0.00222 154.9 248*4

50.0 102.5 L030.0 0.00200 170,4 274.3

59.0 112.8 1130,0 0.00102 106.0 300.3

60.0 123.0 1230,0 0,00167 201,6 326.3
65.0 133.3 1330.0 0.00154 217.2 352.2

70.0 143.5 1440,0 0.00143 232.8 378.2

75.0 153,8 1540.0 0,00133 248.4 404.2

00.0 164.0 1640.0 0.00125 283.B 430.1

90.0 184.5 1050.0 0.00111 295.1 482.1

100.0 205.0 2050.0 0,00100 326.2 B3q. O

125.0 296,3 2960.0 0,000800 404.1 663.8

150.0 307,5 3080.0 0.000667 482.0 793.7

175.0 358.8 3090*0 0.000973 5S9.9 923.5

200.0 _10.0 4100.0 0,000500 637.8 10S3.0

225.0 461.3 4610.0 0.000444 715.7 1183.0

250.0 512.5 5130.0 0.000400 793.6 1313.0

275.0 563.8 5640.0 0.000364 871,9 1443.0

300.0 615.0 6190.0 0.000333 949.4 1573.0

350.0 ?17.6 7580.0 0.000206 1100.0 1832.0

400,0 020.1 8200,0 0,009290 1261.0 20BZ. O

450.0 922.5 9230,0 0,000222 1417.0 2352,0

500.0 1025.0 10300.0 0.000200 1573,0 2621.0

600*0 1230.0 12300,0 0,000167 1884.0 3131.0
700,0 1435.0 14400.0 0.009143 2196.0 3650.0

800.0 1640.0 16400.0 0.000125 2507.0 4168*0

900.0 1849,0 10500.0 0.000111 2019.0 4680,0

1000.0 2050.0 20900.0 0.000100 3130.0 5206.0
1100.0 2255.0 22606.0 0.0000909 3442.0 5727.D

1200.0 2460.0 24600.0 0.0000833 3794.0 6246.0

1300.0 2665.0 26700.0 0.0000765 4065.0 6766.0

1400.0 2070.0 28700.0 0.0000714 4377.0 7285.0

1500.0 3075.0 30800.0 0.0000667 4688.0 7804.0

ISOCMCRE INTERNAL ENTMALPY ENTROPY

DERIVATIVE ENERGY
ATMIK JIG JIG J/G-K

1.903

11.10
11.11

12.14
12.90

13.70

14.33

14.09

4.746

5.346

15.20

15,29

15.39

15.49

15.$8

15.67

1S.76

19-85

16.27

16.66

17,02

17.36

17,67

17.97

10.25

10.52

19.02

19-47
19.09

20.27

20.63
20.97

21.28

21.58

21.86

22.13

22.38

22.62

22.85

23.08

23.29
23,49

23-88

24,24

24.57

24,89

25.18

29.46

25.73

26.34

26.89

27.38

27.84

28.25

20.64

28.99

29.33

29.94

30.49

31.65

32.59
33.39

34,09

34.70

35.25

35.74

36.19

36.99

37.60

38.30

38.85

39.79
40.59

41.29

41.90

42.45

42.94

43,39

43.07

44.19

44.55

CV

J/G-K

1.932

3.224

3.223

3.164

3.138

3.126

3.121

3.116

2.915

3.152

3.157

3.116

3.116

3.116

3.116

3.116

3.116

3.119

3.115

3.115

3.115

3.115

3.115

3*118

3.115

3.115
3.116

3.116

3.118

3.116

3.116

3.116

3.116

3.116

3.116

3,116

3.116

3.116

3.116

3.116

3.116

3.116

3.116

3.116

3.116

3.116

3.116

3.116

3.116

3.116

3.116

3.116

3.116

3.116

3.118

3.116

3.116

3.116
3,116

3.116

3.116

3.116

3.116

3.116

3.116

3.116

3.116

3.116

3-116

3.116

3.116

3.116

3.116

3.116

3,116

3.116

3.126

3,116

3,116

3.116

3.116

CP

2.t28

5.843

5.839

5.540

5.410

5,349

5.309

5,203

38.19

616.3

5.271

5.268

5.265
5.262

5*260
S.257

5.2S5

S. ZSZ

5.243

5.236

5.230

5.226

5.222

9-219

5.216
5.214

5.211

0.200

5.206

5.204

9.203

5.202

5.201

5.200

5,199

5.199

5.190

5.198

5-197

5.197

5.107

5.196

5.196

5.196

0.195

5.195

5.195

5.195

5.194

S.194

5.194

5.194

5.154

5.194

5.193

5.193
5.193

5.193

5.193

5.193

5*193

S.193

5.193

9.193

5.193

5,193

5.193

5.193

S-193

5.193

5.193

5.193

5.193

B.193

5.193

5.193

5.193

5.193

5,193

$.193

B.193

VELOCIT_

OF 50UNC

HIS

217.9

88.55

88.63

98.90

107,9

116.0

123.5

130.5

117.4

104.6

134.5

135.8
137.1

136.4

139.7

140.9

142.2

143.6

149,4

155.2

160.7

166.1

171.3

176.3

181.2
185.9

195.0

263.8

212.1

220.2

227.9

235.4

242,6

249.7

256.5

263.2

269.7
276.1

282.3

268.3

294.3

300.1

311.4

322.4

332.9

343.2
353*1

362.8
372.2

394.6

415.1

436,4

455.8

474.5
492,4

509,6

526.3

558.3

588.4

657.9

720.7

770.4

632.1

882.6

930.S

975.7

1019.0

1101.0

1177.0

1248.0

1316.8

1441.0

1557,8

1664.0

1765.0

1861-0

1951.0

2030.0

2121.0

2201.0

2279.0

TWO-PHASE BOUNDARY

_* NUHOERS IN THIS COLUMN HAVE BEEN MULTIPLIED BY TNE INOICATEO FACTOR

_0



THERMOPHYSICAL PROPERTIES OF HELIUM
0.1 ATMOSPHERE ISOBAR

TEMPER&TURE CENSITY V (DHIOV I V {OPIOU)
p v

OEG,K G/CC JIG £TM'CCIJ

+* X tO0

+ 2.177 I4.63

" 2.496 14.48 49.8 9,_L

" 2.496 0.2130 11.9 6.52

2.5 0.2126 11-9 6.57

3,0 0.1216 14. 7 6.57

3.5 0.1_W6 17.4 6.59

4.0 O* 1253 20.1 6,60
_.5 0.t107 22.8 6-60

5.0 0.09915 25.5 6.61

5.1 9._1_ 1_. 9 9, 13

5.2 7,650 13,_, 0,04

5.3 O, 09334 27 .0 6.61

5._ 0.09156 27.6 6.61

5.5 0.08084 28,1 6,61

5.5 0-06019 28.6 6.61

5. r O. 08660 29, ? 6.60

5- 8 O. 08507 29.7 6.60

5.9 O. 08359 30.2 6.60

6.0 0.08215 30.7 6.60

6,5 O. 07870 33.4 6.50

7.0 0.04'019 36.0 6*bO

7.5 0 • 065_k 38.6 6.60

8, 0 O. 06129 41.3 6.50
6,5 O, 05764 43.9 6-60

9.0 0 • 05_,41 4b. 5 6.60

9.0 0.05152 _9.1 6.60

10.0 0.0_892 51.7 6,60

11.0 O.O_k 57.0 6.59

12.0 0.04072 62.2 6.59

13,0 0.03757 62.4 6,59

14.0 0.03408 72.6 6.59

15.0 0.03251 77.8 6.59

15.0 0.03050 83.0 6.59

17.0 0.02871 08.2 6.59

10.0 0.02711 93-_ 6.59

19.0 0,02568 98.6 8.59

?0.0 0.02439 101.0 6.59

21.0 0.02323 109,0 6.59

22- 0 0- 02217 1 14- 0 6.59

23.0 0.02121 119. 0 6.59

21..0 0.02032 125,0 6.58

25.0 0.01951 130.0 6.50

26.0 0.01876 135.0 6.50

28 • 0 O. 017_2 1_5.0 6.58

30.0 0. 01626 156.0 E. 58

32.0 0.0152_ 166.0 6-50

3_.0 0,01_3_ 177.0 6.55

36.0 0.01355 187.0 6.58

38.0 O. 01283 197. 0 E.58

_0 • 0 0. 01219 208.0 6.58

_5.0 0.01084 234.0 6.58

50,0 0.009754 260.0 E.58

55.0 0.000867 206.0 6.50

60.0 O. 008128 312.0 6.58

55.0 0.007503 338.0 6.50

70.0 0-00696?' 364.0 6.50

75.0 0.006503 390.G 6.50

00,0 0.006096 _16.0 6.50

90.0 0.005419 467.0 6.56

100-0 0-00_.877 519-0 6.50

125.0 0.003902 6_9.0 6.58

150.0 0.003252 ;'79.0 6.58

175.0 0.002787 909.0 6.50

200.0 0.00Z439 1040.0 6.58

225.0 0.002168 1170.0 6.58

250,0 0.001951 1300.0 6.58

275.0 0,001?75 1130.0 6.58

300.0 0.001626 1560.0 6.58

350.0 0.00139_ 1820.0 6.58

_00.0 0.001219 2080.0 6.50

_50-0 O.OOtdO5 23_0.0 6.58

500.0 0,0039756 2600.0 6.50

600.0 0,0008130 3120,0 6.58

700.0 0.0006908 3640.0 6.58

800.0 0.0006097 4150.0 6.50

900.0 0.0005_20 _,670.0 6.50

1000.0 0.0004670 5190.0 6.$0

1100.0 0. O00kb*3k 5710.0 6.58

1200.0 0.0004065 6230.0 6,55
1300.0 0.0003752 6750,0 6.58

1_00.0 0.090340_ 7270.0 6,58

1500.0 0.0_]03252 7790.0 6.58

• TW0-PHOSE BOUNDARY

"+ NUMBERS IN THIS COLUHN HAVE BEEN MULTIPLIED BY

-V(OP/OV) (DVtOT)/V
7 p

OTM I/DEG. K

61.6 0.0427

0,0909 0,492

0. 0910 0._91

O. 0915 O. 377

0.0962 0.311

0.0973 0.266

0.0979 0,233

0.098_ 0.208

0.977 2.56

0-0_23 _5.9

0.0986 0,195

O. 0986 0.191

0.0907 0.107

0.0988 0.18W
0.0988 0.100

O. 0989 O. 177

O, 0989 0.17_

0, 0989 0.17I

0.0991 0,157

0 • 0993 O, 115

O. 099_ 0.135

O. 0995 O. 127

O. 100 0.119

0.100 0.112

0 • 100 O. 106

0.100 0.101

0.100 0.0915

0.100 0.0038

O. 100 0.0773

0.100 0.0717

0,100 0.0669
O. 100 O. 0627

0.100 0.0590

O. 100 0. 0557

0.100 0.0527

0.100 0.0501

0.%00 0,0477

0.100 0,0_55

O. 100 0.0435

0.10o 0.0417

O.tO0 0.040o

0.100 0.0385

O. tO0 0,0857

0.100 0,0333

0-100 0.0313

0.100 0.0294

0.100 0.0278

0.100 0,0263

o.10o 0.0250

O. 100 O. 0222

0.100 0.0200

0.100 0.0102

O. lOO 0.0167

0.100 0.015_

0-100 0.0143

O. 100 O* 0133

0.100 0.0125

0.100 0.0111
0.100 0.0000

0.100 0.00000

0.100 O. 00667

O. 100 O. 00571

0.100 0.00500

0.100 O. 004_*_

0.100 0.00_00

0-100 O. 00361

0,100 0.00333

0.100 0.00286

0.100 0.00250

0.100 0.00222

O. 100 0.00200
0.100 0,00167

0-100 0-00143

0.100 0.00125
0.100 0.00111

0.100 0.00100

0.1 O0 0. 000909

0.100 0.000833

0.100 0.000769

0.100 0,000714
0.I00 0.000667

THE INDICATE0 FOCTOP

I

THERM&L VISCOSITY THERN&L DIELECTRIC

CONDUCTIVITY DIFFUSIVITY CONSTANT

MN/CM-K GICM-S SO-CN/S

• + X 1000000

PRANOTL

NUMBER

0.151 37.3 0.000533 1.055_9 0.583

0.0535 6.37 0.00129 1.00079 0.690

0.0535 6.38 0.00531 1.00079 0.697

0.06_2 7.80 0.00674 1.00064 0.675

0.0?55 9.11 0,00951 1.0005_ 0.663

0.084_ 10.3 0.0126 1-00056 0-656
0.0936 11.5 0.0159 1.00011 0.653

0.102 12,6 0.0195 1.00037 0.651

0.263 25.2 0.0000730 1.03522 3.66

1.75 22-3 0.0000370 1.02859 7.68

0.107 13.3 0.0218 1.00035 0,651
0.109 13.5 0.0226 1.00034 0.651

0-110 13.7 0-0234 1.00033 0.651

0.112 13.9 0.024? 1.00033 0,692

0.11_ 14.1 0.0250 1.00032 0.652

0.115 14.3 0.0258 1.00031 0,652

0.117 14.5 0.0266 1.00031 0.652

0.1t9 lk.7 0.0275 1.00030 0.65?

0.126 15.7 0.0317 1-00028 0.655

0,133 16.7 0.0362 1.00026 0.656

0.140 17.6 0.0409 1.00024 0.658

0.147 18.5 0.0450 1-00023 0.660

0.153 19._ 0,0508 1.00021 0.662

0,159 20.2 0.0560 I.O00ZO 0.664

0.165 21.1 0.0615 1.00019 0.666

0-171 21.9 0.0670 1.00010 0.660

0.182 23.5 0.0706 1,00016 0.672

0.193 25.0 0.0908 1.00015 0.676
0.203 26._ 0.104 1.00011 0.679

0-212 27.9 0.117 1.00013 0.683

0.222 Z9.2 0.131 1.00012 0.605

0.231 30.5 0.155 1.00011 0.688

0.240 31.8 0.161 1.00011 0.690

0.248 33.1 0.176 1.00010 0.693

0.257 3_.3 0.192 1.00010 0.695

0,265 35.5 0.209 1.00009 0,696

0.2?3 36.6 0.226 1-00009 0.698

0,281 37,7 0.243 1,00000 0.699

0.286 38.9 0.262 1,00000 0,701

0.296 39,9 0,280 1,00000 0,702

0.303 41.0 0.299 1,00007 0.703

0.311 52.1 G.319 1,00007 0.704

0.325 44.1 0,359 1.00006 0*705

0.334 46.1 0.401 1.0DDOE 0.706

0*353 58.0 0.446 1.00006 0,707

0,366 _9.q G.491 1.00005 0.708

0.379 51.7 0-534 1.00005 0.700

0.392 53.5 0.588 1.00005 0.708

0,505 55,2 0.610 1.00005 0.?08

0,N36 59,4 0.775 1,0000_ 0.708

0._66 63.4 0,920 1,00004 0.707

0,495 67,3 1.08 1.00003 0*705

0.52_ 71.0 1.2_ 1,00003 0,?04

0,552 71,6 1.42 1-00003 0,702

0.579 78.1 1.60 1.00003 0.700

0,606 81.6 1.70 1,0000Z 0.699

0.633 8_.9 2,00 1.00002 0.697

0.60k 41-_ 2.k3 1-00002 0-69_

0.735 97.7 2,90 1.00002 0.691

0,855 111,C _,22 1.00001 0,673

0.568 125.0 5,73 1.C0001 0.670

1.08 130.0 ?,13 1.00001 0,668

1.18 151,0 9.31 1.00001 0.667

1,28 16_.0 11,3 1,00001 0,666

1.37 176,0 13.5 1.00001 0.667

1,_6 108.0 15.9 1.00001 0,667

1,55 199.0 18.3 1.00001 0.669

1.72 ?22.0 23.0 1.00001 0.660

1.09 2_3.0 Z_.8 1.00000 0.668

2,05 26W.C 06.k 1,00000 0,668

2.21 20_,0 _3.5 1.00000 0.888

2.51 322.0 59.4 1.00000 0.667

2-80 359.0 77.2 %,00000 0,66?

3,07 304.0 57.0 1.10000 _.667

3.34 W28,0 110.0 1.00000 0.66_

3,60 462.0 142,0 1.00000 0.666

3,85 W�W.O 16_.0 1,00000 0.688

W,IO 525,0 19W.0 t,00000 0.666

4.3W 596*0 222-0 1.00000 Q.686

4.57 586.0 25].0 1.C0000 0.6EE

_.80 615.0 284,0 1.00000 0.666



0.Z ATMOSPHERE ISOBAR

THERMOOYNAHIC PROPERTIES OF HELIUM 4

TEMPERATURE VOLUNE ISOCNORE INTERNAL ENTH&LPV ENTROPY

CC/G OERIV&TIV[ ENERGY

OEG* K _e X .01 ATH/K JIG JIG JIG-K

• 2.176 0,06823

2.5 0.05095 531-0 2.54 3.965 4,103 1.901

4 Z.809 0.07039 368.0 3,29 4.006 4.949 2,295

J 2,809 Z.S95 44.5 0.0019 22.74 Z8,OO 10.30

3,0 2.731 37,7 0,077S 23,14 28058 10093

3.5 3,315 50.9 0.0630 24.09 31,61 11,54

4,0 3.879 78,0 0.0535 26.97 $4.42 12.19

4.5 4.421 84,6 0.0;59 Z8,20 37.16 12,83

S.O 4,959 95.9 0.0417 29.82 39.07 13.40

5,1 0.1052 10.k 2.51 16-60 16.81 4.756

Y,2 0.1305 0.S82 1,94 19.83 20.10 5.3;5

5.3 5.279 103o0 0.0392 30,78 41.k0 13,72

5,; 5°386 109.0 0,038; 31.10 32.01 13.82

5,S 9-49Z 107.0 0.0376 31.42 ;2,55 13.92

5.5 5.$9e 109.o 0.0359 31.74 ;3.08 1;,01

5.7 S.70; 111,0 0.0352 32,06 ;3,62 14.11

5.8 8.010 114.0 0.0395 32.38 ;k.lS 14,20

5.9 5.915 116.0 0,0359 32.69 43.58 14.29

0,0 5.021 118,0 0.0343 38,01 45*21 15.38

6,5 5,547 129.0 0.0325 33,60 47,87 14.00

7.0 7.071 139.0 0.0292 36.10 50,51 lS.28

7,5 7.$94 150.0 0.0272 37.76 53.1S lS.95

8,0 8,115 151.0 O.OZS4 39.33 55.78 15,90

8.5 8.535 171.0 0.0239 40,91 50.41 16.22

9-0 9.1§5 182.0 0.0225 42.40 51,03 15.92

9,9 9*574 192,0 0.0213 44.05 53.55 15,80

10.0 10.19 203.0 0,0202 39,52 85,27 17.07

11.0 11.23 22k.0 0.0183 k0.79 71.90 17.57

12,0 22.25 2;4.0 000168 81*88 75°73 18.02

13.0 13.29 255,0 0,0155 95,01 81.95 10.44

14.0 lk.32 205.0 0,0144 §0,14 07.15 18.83

15.0 15,35 307.0 0.0134 51.27 92.35 19.19

16.0 16.38 327.0 0.0128 54.39 97.59 19.92

17.0 17,41 3;8-0 0,0118 57,52 102.0 19.84

18.0 10.44 359.0 0.0111 71.54 105,0 20,14

19,0 19.47 389.0 0,0105 73.75 113.2 20,32

ZO.O 20.49 310,0 0,0100 76,88 118.4 20.59

21-0 21.52 430,0 0,00995 80,01 123.6 20.94

22,0 2Z,55 391.0 0,00911 03.13 126.8 21,10

23.0 23.90 472.0 0.00071 85,25 133,0 21,41

24,0 24,60 492,0 0.00839 89.37 139.2 21-53

25.0 25.53 513.0 0.00801 92.39 155,4 21.85

25.0 26.65 533.0 0.00770 95.51 149,5 22,09

28,0 20.71 973.0 0.00715 101.8 160.0 22.44

30.0 30.75 515,0 0,00567 108.1 170.4 Z2.79

32°0 32.01 557.0 0.00525 114.3 100.0 Z3*13

34.0 34,87 698.0 0,00589 120.5 191.2 23.44

35.0 35.92 739,0 0,00555 125.8 201.6 23.7;

30-0 30.97 780.0 0.005Z7 133.0 212.0 Z4.02

40.0 41,02 821.0 0.00500 139.3 222,4 Z;.Z9

45,0 45,15 923.0 0,00445 154.0 248.4 24.90

50.0 51.27 1030,0 0.00400 170,4 273-3 29.35

99,0 55,40 1130,0 0.00354 185,0 300.3 29.94

50.0 51.51 1230.0 0.00333 201,5 326.3 25.;0

65,0 85,55 1330.0 0.00308 217.2 352.3 25,01

70.0 71,78 1440.0 0.00205 232-8 375.2 27.20

75.0 T5.91 1540.0 0.00267 240.3 404.2 27*55

80.0 82,03 1540.0 0*00290 Z53,g _30.2 27.89

90.0 92.28 1050.0 0,00222 295,1 402,1 28,50

100-0 1CZ,5 2050.0 0.00200 325,2 534.0 29,09

125.0 120.2 2560.0 0,00160 404.1 553,9 30,21

150.0 153,8 3080.0 0,00133 402,0 793.7 31,19

175.0 179,4 3590,0 0,00114 859,9 923,5 31,99

200-0 209.0 410C,0 0.00]00 537.8 1053.0 32.55

225,0 230.7 4510,0 0.000889 715.7 1183.0 33.25

250,0 256,3 5130.0 0.000800 793.6 1313.0 33.81

275.0 281,9 5540,0 0.000727 871,5 1443.0 34,30

300.0 307,5 6150,0 0,000667 949,4 1573.0 34.75

35C*0 358,8 7180,0 0,000971 1105,0 1832.0 35.59

40C,0 410.0 8200.0 0.000500 1251,0 2092.0 32.25

450,0 421._ 9230.0 0.000444 1417.0 2352.0 35.86

5_C.0 512.5 10300.0 0.00C400 1973.0 2511.0 37,41

500.0 515,0 12300,0 0,000333 1034.0 3131.0 38,39

70C.0 717,5 14400.0 0,000285 2195,0 3550.0 39-15

OC&.O 820.1 10_0-0 0.005250 2507.0 _159.0 39.85

900.0 922.5 10500,0 0.000222 2019.0 4588.0 40.46

100c.0 1025.0 Z0500.0 0,000200 3131.0 5200.0 41.01

11oo.0 1128.o _2500.0 0.000182 3442.0 5727.0 41.50

120C.0 1230-0 2460C,0 0.000157 3754,0 6245.0 41.55

t3_5.0 1333.9 25700,0 0.000194 k055,0 5755.0 42,37

14C0,0 1435,0 28100,0 _,000143 ;377.0 7205*0 42,79

1500.0 1530.0 30300.0 0.000133 4580.0 7804-0 _3,11

ISOTHERH

OERXVATIVE

CC-ATH/G

GV

1.921

1.879

3,25;

3.231

3.159

3,131

3.127

3.120

2.915

3.152

3.118

3.116

3,117

3.117

3.115

3.115

3.115

3.118

3.125

3.114

3.114

3.113

3.115

3,115

3,115

3,119

3.115

3.115

3,116

3.115

3.115

3.115

3.115

3.116

3.115

3.115

3.116

3,115

3.116

3.115

3.11G

3.115

3,115

3,116

3,115

3.115

3.116

3.115

3.115

3.115

3.116

3,115

3.116

3,115
3.116

3,115

3,116
3.115

3.115

3.116

3.115

3.116

3.110

3.115

3.116
3.116

3.116

3,116

3,116

3,116

3.116

3.116

3.116

3.116

3.116

3.116

3.115

3.116

3.116

3.116

3.116

JIG-K

CP

2.115

2.364

5.225

5.004

S.713
9.938

S.441

5,382

38,19

516.3

5.357

S.358

5,343

S.337

5.331

S.326

S.321

5.315

5.296

5,280

9.259

5.259

9.252

5.245
5.240

5,236

5.220

5.223

5.219

9.215

S.213

9.210
9.208

9.207

9.209

9.204

5.203

9.202

5.201

9.201

5.200

9.200

S.199

5,198

5.197

5.197

9.195

5.195

5.195

9.199

5.199

5.194

5.194

5.193

9.194

S.194

$.194

§.194

5.193

5.193

S* 193

9-193

5.193

5.193

5.193

5.193

5.193

5.193

5.193

5,193

5.193

5.193

5.193

5,193

5,193

5.193

5.193

5.193

5.193

5.193

5.193

VELOCITY

OF SOUND

MI$

219*E

213*g
92*95

95.43

105.S

11;*2

122.1

129.4

117.4

10;,5

133.5

134.9

186.3

137.5

138.9

140.2

141.9

142.7
1;8o9

19;*?

160,4

169.5

171.0

175,1

181,0

155.8

199.0

203.7

212.1

220.2

227.9

288-4

242,7

249.6

256.5

263.3

259.8

276.2

282.4

288.5

294.4

300.2

311.6

322.S

333,1

343°3

393.3

362.9

372.;

394.9

415.3

436.6

;95.0

4?4.6

492,5

509,7

526.4

598.3

300.5

658.0

720,7

778.4

832.2

882.5

930.4

975.8

1019.0

1101.0

1177.0

12;8.0

1315.0

1341.0

1557.0

1654.0

1769.0

1851.0

1991.0

2038.0

2121.0

2201.0

2279.0

TWD'PHASE e3UqDORY

"" NUMBERS IN THIS COLUMN _AVE dEEN MULTIPLIE_ BY THE INOICATED FACTOR



THERHOPHYSTCAL PROPERTIES OF HELZUM q

O.Z ATHOSPH(R( ISOBAR

TENPERETURE DEN$ZTY ¥(DH/DV) V(DP/DU_ -V(DP/DV) T (OV/DT)/VP P

DEG. K G/CC JIG ATH-CC/J ATN I/OEG,K
"_ X 100

• 2.176 lk.66

2,5 14.50 50.0 9.40 62.4 0.0433

• 2*809 14.21 36.? 12.3 52.3 0.8628

• 2.069 0.3052 13.0 6.54 0.172 0,k77

3.0 0.3661 13.7 6.55 0*375 0,443

3,5 0.3016 16.6 6-60 0,104 0.343

4.0 0.2501 19.5 6.62 0,180 0,285

k.5 0.3262 22.2 8.6B 0.191 0.245

5,0 0.Z017 24.9 6*63 0,193 0,216

5.1 9.414 14.9 9.13 0.97? 2.56

$,Z 7*658 13.4 8.04 0.0423 45.9

5.3 0.1894 26.6 6.63 0.194 0.202

5.4 0.1857 27.1 6-63 0.194 0.197

5.S 0.1021 27.6 6.63 0.195 0.193

5,6 0,1786 28.2 6,63 0.195 0.109

5,? 0,1753 20.7 6.63 0.195 0.186

5*8 0.1721 29.3 6,63 0-195 0.182

5*9 0*1691 29,0 6.63 0.196 0.179

6.0 0,1661 30.3 6.63 0.196 0.175

6.5 0.1527 33,0 6.63 0,196 0.160

7.0 0.1414 35.7 6*63 0,197 0,146

?.5 0.1317 38,3 6,6? 0.190 0,137

8.0 0.1237 41.0 6.62 0.1q8 0.120

0.0 0.1138 43.6 6,62 0.198 0.120
9.0 0.1092 46.3 6,61 0.190 0.113

9.5 0.1034 40,9 6,61 0.199 0.101

10.0 0.09012 51.5 6.61 0,199 0,102
11.0 0.0890? 56.8 6.61 0.199 0,09?1

17.0 0.0815? 62.0 6.61 0,199 0,0842

13.0 0.0?524 67.3 6.60 0.199 0,0776

14.0 0.06982 72.5 E.E0 0.200 0-0719

lS,0 0,06514 77.7 6.60 0.200 8.0671

16.0 0.06104 82.9 6.60 0.200 0.0628

17.0 0,05744 68.? E.60 0.200 0*0591

10.0 0,05423 93,4 6.60 0.200 0.0550

19.0 0,05137 98,6 6.59 O.ZO0 0.0528

20.0 0.04879 104.0 6,59 0.200 0.0501

71.0 0.04646 109.0 6.59 0.200 0.0477

72.0 0,04435 114.0 6.50 0-200 0.0456

23.1 0.04241 119.0 6.59 0,200 0,0436

74*0 0.0_864 175.0 6.59 0,?00 0.0417

25,0 0,03_02 130.0 6,59 0,200 0.0401

26.0 0.03751 135.0 6,59 0.200 0.0305
20.0 0.03403 145.0 6.59 O.ZOO 0*03§T

30.0 0*03Z51 156.0 6.59 0,200 0.0334

32.0 0.0304? 166.0 6.59 O. ZO0 0.0313

34.0 0*0Z860 177.0 6.59 O,ZOO 0*0294

36.0 0*02709 107.0 6,59 0.200 0,0270

38.0 0.02566 197.0 6.59 0.?00 0.0263

40.0 0,02430 206.0 6-59 0.200 0.0250

45.0 0.02167 234.0 6.58 0.200 0,0222

50.0 O*OlYSO 260.0 6.58 0,200 0,0200

50.0 0.01773 ?86.0 6.58 0.?00 0.0187
60.0 0.01635 312.0 6.80 0.?00 0,0167

65.8 0,01500 338.0 6.58 0,200 0.0194

70,0 0.01393 364.0 6.58 0.200 0.0143

75.0 0.01300 390,0 6.58 0,200 0.0133

80.0 0.01719 416.0 6,58 0*200 0,0125

90.0 0.01084 468.0 6.58 0.200 0*0111

100.0 0.009753 919.0 6.08 0.200 0.0100

125.0 0,007803 649.0 6.58 0.200 0,00000

150.0 0,006503 779.0 6.56 8.200 0.0066?

175,0 0.0055?4 q09.0 6,S8 0.?00 0.0057|

200.0 0.00407? 1140.0 6,58 0,200 0.00500

225.0 0.004335 1170.0 6.58 0.200 0.00444

250.0 0.003002 1300,0 6.58 0.200 0.00400

775,0 00003547 1430.0 6.58 O.ZO0 0.00364

300.0 0,003292 1560.0 6.58 0.200 0.00333

350.8 0.00276? 1820.0 6-56 0.200 0*00206

400.0 0.002439 2080*0 6.50 0.200 0,00250

450.0 0,007168 2340.0 6.50 0.200 0*00222

500,0 0.001951 2600*0 6.58 0.200 0.00200

600.0 0.|01626 3120.0 6.58 0,200 0,00167

700.0 0.001394 3640.0 6.58 0.200 0.00143

800.0 0.001219 4150.0 6.58 0.200 0*00125

900.0 0.001004 4670.0 6.58 0.200 0-00111

1000.0 0.0009?56 5190.0 6,58 0.200 0,00100

1100.0 0.0008069 5710.0 6,50 0*200 0*000909

1200.0 0,0008130 6230,0 6,58 0.200 0.000833

1300.0 0.0087504 6750.0 6.58 0.200 0.000760

/400.0 0,0006060 7270.0 6.58 0.Z00 0.000714

1500.0 0.0006504 ??90.0 6.58 0.200 0,00066?

TWO-PHASE 80UNOARY I

e• NUMBERS IN THZS COLUMN HAVE BEEN MULTIPLI£O BY THE INOICATED FACTOR

THERHAL VZSCO$XTY THERMAL DTELECTRZC

CONOUCTIVZTY DXFFU$ZVXTY CONSTANT

MWICM-K GICM-5 SQ-CM/$

• • X 1000000

PRANOTL

NUMgER

0.165 37.5 0.000537 1*05407 0.401
0.176 37.0 0.00053? 1.05344 0.486

0.0641 7.61 0.00267 1.00143 8.739

0.0661 7.qz 0.00297 1,00136 O.?Z8
0.0758 9,24 0,00440 1.00112 0.606

0.0053 10,5 0.00597 1.00096 0.680
0.0944 11.6 0.00767 1.00084 0.671

0.103 17,7 0,00949 1.00075 0.656

0.263 75.2 0.0000730 1,03522 3.66

1,75 2Z.B 0.0000370 1.07859 7.86

0.108 13,4 0.0106 1.00070 0,664

0.110 13.6 0.0110 1.00069 0.663

0,111 13,8 0.0114 1.00067 0.063

0.113 14.0 0.0t18 1.00066 0.663

0.114 14.2 0,0127 1.00065 0,663
0.116 14.4 0.0177 1.00064 0.662

0.118 14.6 0,0131 1.00063 0*652

0,119 14.8 0.0135 1,00061 0.662

0.127 15.8 0.0156 1.00057 0-662

0.134 16.8 0.0170 1.00057 0.663

0.140 17.7 0,0202 1.00049 0.664

0.147 18,6 0.022? 1.00046 0.665

0.153 19.5 0.0757 1-00043 0.667

0.160 20.3 0.02?8 1,00040 0.668

0,165 Zl.Z 0,0306 1.00038 0.670

0.121 27.0 0.0333 1.00036 0.672

0,187 23.5 0.0392 1.00033 0.675

0.193 75,1 0.0483 1.00030 0.678

0.203 26.5 0,0517 1,00028 0.681

0.213 27.9 0.0584 1.00026 0.684

0,222 29,3 0.0654 1.00024 0.687

0.231 30.6 0,0?27 1.00023 0.689

0.240 31.9 0.0602 1.00021 0.BqZ

0.248 33.1 0.0880 1.00020 0.694

0.25? 34.3 0.0961 1.00019 0.693

0,265 35.5 0.104 1.00018 0.697

0.273 36,7 0.113 1,00017 0.699

0-701 3?,8 0.122 1,00016 0.700
0.289 38,q 0.131 1.00016 0.701

0.206 40*0 0.140 1.00015 0.?02

0.304 41,0 0.1S8 1.00014 0.?03

0.311 42.1 0,159 1.00014 0.?04

0*325 44,1 0,180 1,00013 0,?05

0*339 46.1 0.201 1.00013 0.?06

0,353 48.0 0*223 1.00011 0,?07

0.366 49,9 0,246 1,00011 0.?08

0*380 51,T 0*270 1.00010 0*?08

0.392 $3.S 0.204 1,00009 0,?08
0.405 55.2 0,320 1.00009 0.?00

0.436 50.4 0,368 1.00008 0.?08

0.466 63*4 0*460 1.00007 0.?0?

0,406 67.3 0.538 1.00007 0.?05

0.524 71.0 0,671 1.00006 0*?04

0,552 ?4*6 0.708 1.00006 0*702

0.5?9 70.1 0.001 1.00005 0.701

0*606 01.6 0.890 1.00005 0.609

0*633 84.9 1.00 1,00005 0,69?

0*604 91.4 1.22 1,00004 0.694

0,?39 97*T 1.45 1.00004 0.691

0.055 111.0 ?.11 1.00003 0.6?3

0,968 125.0 Z.07 1.00082 0.6?0

1,08 138.0 3.73 1.00002 0,668

1.10 151,0 4*65 1,00002 0.667

1.28 164,0 5,67 1.00002 0.666

1,37 176.0 6.?? 1.00001 0.667

1.46 180,0 ?,93 1.00001 0*667

1.55 lgg. 0 g.16 1.00001 0*669

1,72 ?22.0 11,9 1.00001 0*668

1,89 243,0 14.9 1,00001 0.668

2.05 ?64.0 18.? 1.00001 0,668

2.21 284.0 21.8 1.00001 0.668

2,51 322.0 79.7 1,00001 0,66?

2,80 359.0 38,6 1,00001 0*667

3.07 394*0 40.S 1.00000 0,66?

3.34 428.0 59.3 1.00000 0.666

3.60 462.0 71.0 1.00000 0.666

3,05 494.0 03.6 1.00000 0.666

4.10 525*0 B?,0 1.00000 0-666

4,34 556,0 111.0 1.00000 0,666

4.57 586,G 126.0 1.00000 0.666

4*80 615.0 147.0 1.00000 0*650



D.3ATNOSPHEREISOBAR

TEMPERATURE VOLUME

CC/G

OEG. K _ x .01

. 2.175 0.06813

2.5 0.08884 436.0

3.0 0.07076 354.0

3.163 0.07161 322.0

3.163 1.02b 4_.7

3.5 2,108 54-8

;.0 Z.50Z 68.2

k.5 2.880 80.6
5.0 3.2;9 92*S

5.1 0.1062 10.;

5.2 0.1306 0.552

5.3 3.467 99.4

5.; 3.539 102-0

5.5 3.611 10;*0

5,8 3.683 106.0

5.7 3.755 109.0

5,8 3.827 111-0

5.9 3.893 113.0

6.0 3.970 115.0

6.5 4.326 126.0

7.0 ;.679 137.0

7.5 5.031 148.0

8.0 5.382 159.0

8.5 5.731 170,0

9.0 6.080 180.0

9.5 6.;28 191.0
10,0 6.775 202.0

11.0 7._68 223.0

12,0 8.159 264.8

13.0 8.850 26;.0

14o0 9.539 285.0

15.0 10,23 306.0

16.0 10,91 327.0

17.0 11.60 3;8.0

18.0 12,29 368.0

19.0 12.98 389.0

ZO,O 13,66 410.0

21.0 14.35 ;30.0

22-0 15-03 ;51.0

23.0 15.72 ;7Z.0

2_.0 16.;0 492,0

25.0 17.09 513-0

26.0 1T.77 $33.0

28.0 19.1; 575.0

30.0 20.51 616.0

32-0 21.88 657.0

3_.0 23.25 698.0

36.0 24.62 739.0

38.0 25.99 780.0

4C-0 27.35 821-0

45.0 30.77 92;*0

56.0 3;.19 1030.0

55.0 37.61 1130.0

60.0 41.03 1230.0

65.0 4;.44 1330,0

70.0 _7.86 1;40.0

75.0 51.28 15;0-0

80.0 _k.70 1640.0

90.0 61.53 1850.0

100.0 68.37 2050.0

125-0 85._5 2560.0

150.0 102.5 3080.0

175.0 119.6 3590,0

200.0 136.7 ;100.0

225.0 153.8 ;610.0

25C.0 170.9 5130,0

275.0 188.0 56;0,0

300.0 205.0 6150-0

350.0 239.2 7180.0

400,0 273*4 8200.0

_50.0 307.5 9230.0

SOC,O 3_1.7 10300.0

6C0.0 k10,0 12300.0

700.0 _78._ 1_400.0

800.0 5_6.7 lb_O0.O

900-0 615.0 18500.0

100_,0 683,4 20500.0

1100.0 751.7 22600.0

1200.0 820.0 2_600o0

130C.0 800.4 26700.0

1400,0 956.7 28700.0

1500.0 1025.0 30300.0

TNERHODYNAMZC PROPERTIES OF MELZUfl ;

ISOTHERM %SOCHORE INTERNAL ENTHALPY £NTROPY

DERIVATIVE OERIVATIVE ENERGY

CC-ATN/G ATN/K JIG JIG JIG-K

2.6; 3.953 4.162 1.977

3,40 5.0;9 5.268 2,378

3,53 5.;60 5.678 2.513

0,118 23.23 28.77 9,833

0,100 24-49 30.90 10._7

0.0038 26.25 33,86 11.26

0.0724 27.9; 36.70 11.93

0.0640 29.59 39.47 12.52

2.51 16.49 16,81 ;.7_6

1,94 19.70 Z0.10 S.346

0,0599 30.57 41.11 12.83

0.0587 30-89 ;1.65 12.94

0,0575 31.22 ;2.19 13,04

0.0563 31.54 42.74 13.13

0.0552 31.86 ;3.28 13.23

0.0542 32.19 43,82 13*32

0.0532 32.51 4;.36 13.42

0.0522 32.83 4;.90 13.51

0.0;79 34.43 ;7.58 13.94

0.0_42 36.03 50.25 1;.33

0.0411 37.61 52.91 14.70

0.0384 39.20 58.56 1_.06

0.0361 ;0.78 58,20 15.36

0.0340 42.36 60.84 lS.66

0.0321 ;3.93 63.47 15.95

0.0305 45.51 66.10 _6.22

0.0276 ;8.65 71.35 16.72
0.0253 51.79 76*60 17.17

0.0233 5;.93 81.83 17.59

0.0716 58.06 87.06 17.98

0,0201 61.20 92.28 18.34
0.0189 64.33 97,50 18.68

0.0177 67*;5 102.7 18.99

0,0167 70.58 107.9 19.29
0.01_9 73.71 113.1 19*57

0.0151 76*83 118.4 19.8;

0.0143 79.96 123.6 20.09

0.0137 83.08 128.8 28.34

0.0131 8&.20 13;.0 20.97

0.0125 89,32 139.2 20.79

0.01Z0 92,45 1;4.4 21.00

0.0116 95.57 1;9.6 21.21

0.0107 101.8 160.0 21.59

0.0100 108.0 170._ 21*95

0.00939 114.3 180.8 22.29

0.00883 120.5 191.2 27.60

0.0083; 126.8 201.E 22.90

Q.00790 133.0 212*Q 23.16
0.00751 139.2 222,4 23.45

0.00667 154.8 2_8.4 2;,06

0.@0600 170.; 274.3 24.61

0.005_6 186.0 300.3 25-10

0.00500 201.6 326.3 25.55

0.00;82 217.? 352.3 25.97

0.00429 232.8 378.2 26.35

0.00;00 2;8-3 404.2 26.71

0.00375 263.9 430.2 27.05

0.00333 295.1 ;87.1 27.66

0.00300 326.2 534.1 28.21

0.00240 40;.1 663.9 29.37

0.00200 482.0 793.7 30.31

0.00171 559.9 923.E 31.11

0.00150 637.8 1053.0 31.81

0.00133 715. T 1183.0 32.42

0.00120 793.6 1313.0 32.96

0,00109 871,5 1;43.0 33.46

0.00100 949.4 1573.0 33.91

0.000857 1105.0 1832.0 34.71

0.000750 1281.0 Z092*0 35,41

0.000E67 1;17.0 2352.0 36.02

0.00C600 1573.0 2611.0 36,56

0.000500 188;.0 3131.0 37,51

0.000429 2196.0 3650.0 38.31

0.000375 2507.0 ;169-0 39.01

0.000333 2819.0 4689.0 39.62

0.006300 3131.0 5208.0 40*16

0.000273 3;;2.0 5727.0 _0.66

0.000250 3754-0 6246.0 ;1,11

0.000231 ;065.0 5766.0 41.53

0.00021; ;377,0 7285.0 41.91

0.000200 4688.0 780;.0 42.27

CV

J/G-K

1,914

1.919

1.985

3.274

3.208

3.159

3.136

3,124

2.915

3,152

3.120

3.119

3.119

3.118

3.117

3.117

3,116

3.116

3.11;

3.114

3.11;

3.114

3,11;

3.11;

3.115

3.115

3.115
3.116

3.116

3.116

3.116

3,116

3.116

3.117

3.117

3.117

3.117

3.117

3.117

3.117

3.117

3.117
3.117

3.127

3.117

3,117

3.116

3.116

3.116

3.116

3.116

3.116

3,116

3.116

3,116

3,126

3,116

3.116

3.116

3.116

3.116

3.116

3-116

3,116

3.116

3.116

3.116

3.116

3,116

3.116

3.116

3.116

3.116

3.116

3.116

3,118

3.116

3.116

3.116

3.116

3.116

CP

2.106

2.417

2.620

6.581

8.111

5.769

5.595

9*493

38.19

616.3

5.451
5*439

5,428

5.417

5.4o8

5.399

5.391

S.383

5.351

5.327

5,308

5.294

5.282

5.272

5*264

5.257
9,246

9.238

5,232

5.227

9.222

5,219

5.216

5.214

S.212

5.210

S.208

5.207

5.206

5.205

5.20;

5.203

5.202

5.200

5.200

5.199

5,198

5.198

5.197

5.196

5.196

5.195

5,195

5.154

5.194

5.194

5.19;

5.194

5-194

5.193

5.193

5.193

5.193

5.393

5.193

5,193

5.193

5.193

5.193

5.193

5.193

S. 193

5.193

5.193

5.193

5.193
S.193

5.193

S.193

5.193

5-193

V(LOCITY

OF SOUND

M/$

220.6

212.5

207.5

95-39

102.8

112.4

120*7
128.k

117.;

104.6
132.6

134.0

135.4

136.8

138,1

139.;

140.7

1;2.0

1;8.3

15_.3

160.0

165._

170.7

17_.9

180.8

185.6

19;.9

203.7

212.1

220.2

228.0

235.5
2;2.8

249.8

2S6.7

263.4

269.9

276°3

282.S

288.6

294.5

300.3

311.7

322,6

333.2

343.4

353.4

363-1
372.5

395.0

416.4

436.7

;56.1

47b.7

492.6

509.8
526.5

598.4

588.6

658,0

720.8

778.S

832.2

882.7

930.4

975.8

1019,0

1101.0

1177.0

1248-0

1316.0

1;41.0

1557.0

166;-8

1765.0

1061.0

1951*0

2038.0

2121.0

2201.0

2279.0

TNO-PHASE BOUNDARY
*v NUMBERS IN THIS COLUMN HAVE BEEN MULTIPLIED BY THE INDICATED F&CTOR
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TMEPMOPHY$ICAL PROPERTIES OF HELIUM 4

0.3 OTBOSPMERE ISOBAR

TEMPERATURE DENSITY V(OHIOV)p VIDP/DU_

OEG,K G/CO JIG AXM-CC/J

eo X 100

2.17B 14.68

2.5 14,53 50.6 9,50

3.0 14.13 35,5 12, B

• 3,163 13.96 33,4 12,7

+ 3.163 0.5482 13.7 6.$6

3.B 0.4764 15.8 6.60

4.0 @.3996 16.8 6.64
6.5 0,3472 21.6 6.65

5.0 0.3978 24.k 6,66

5.1 9.41_ 14.9 9.13

5.Z 7.858 13.4 8,04

5.3 0-2885 26.1 6.66

5.4 0.2826 26.6 6.66

5.5 0.Z769 27,2 6.66

5.6 0.2715 27.T 6.66

5.7 0.Z663 28-3 6-66

5.8 0.Z613 28.8 6.65

B.9 0.2565 29.6 6.65

6,0 0.2519 29.9 6.65

6.5 0.2312 32.6 6.65

7.0 0.2137 35.3 6.65

7.B 0.1908 38.B 6.64

8.0 0.1858 40.7 6.64

8.B 0,1745 43.k 6.66
9.0 0.1645 46.0 6.63

9.5 0.1550 68.7 6.63
10.0 0.1476 51.3 6-63

11.0 0.1339 56.6 6.62

12.0 0.1226 61.9 E,62

13.0 0.1130 67,1 6,61

14.0 0.1048 72,4 6.6L

15.0 o-Bq77B 77.6 6,61

16.0 0,09162 82.9 6.61

17.0 0.08610 88.1 6.60

18.0 0.08137 93.3 6.60

19.0 0.07707 98.5 6.60

ZO.O 0.07320 106.0 6.60

21.0 0.06970 IOB.O 6.60
22.0 0.96652 /1M-O 6.60

23.0 0.06362 119.0 6.60

24.0 0.06096 125.0 6.60

25.0 0,05852 130.0 6.60

26-0 0.00626 135-0 E.59

28.0 0.05Z24 145.0 E.S9

30.0 0.04075 156.0 6.59

32.0 0.04070 166.0 E.59

36.0 0.04301 177.0 6,59

36.0 0.04062 187.0 6.59

38.0 B,03868 107.0 6.09

40.0 0.03656 208.0 6.59

45.0 0.032B0 234.0 0.59

BO.O 0.02925 260.0 6,59

55.0 0.02650 286.0 6.59
60-0 0-0Z637 312.0 6.58

65.0 0.02250 338.0 6.58

7O.O 0.02089 36_.0 6,58

75.0 0.01950 390.0 6.58

B0.0 0.01828 416.0 6.58

90-0 0.01625 668.0 6.58

100.0 0.01463 520.0 6.08

125,0 0.01170 669.0 6.56

150.0 0.009753 779.0 6.58

175.0 0.008360 909.0 6.58

200.0 0.007315 1060.0 6*50

225.0 0.006503 1170.0 _.50

250.0 O.OOSBS2 1300.0 6.$8

275.0 0.005320 1650.0 6.58

300.0 0.004877 1560.0 6.58

350.0 0,004181 1820,0 6.$8

600.0 0.003658 2060.0 6.58

4BO.O 0.003252 2340.0 6.58

500.0 0.002927 2600.0 0.58

600.0 0.002439 3120.0 6.58

700.0 0.002090 3640.0 6.58

800.0 0.001829 4100.0 6.58

900,0 0.001626 6670.0 6.50
1000.0 0.001663 5190.0 6.58

1100.0 0.001330 5710,0 6.58

1200.0 0.001219 8230.0 6.58

1300-0 0.001126 6750.0 6.58

1400.0 0.001045 7270.0 6.58

1500.0 0.000975b 7790.0 6.58

-V(OP/OV) T (DV/OT)/V p

ATB 1/OEO. K

63.4 0.0417

50.0 0.0680

45,0 0.0784

0.245 0,481
0,260 0,386

0.273 0.307

0.280 0.259

0.285 0.225

0.977 2.56

0.0423 45.9

0.287 0-209

0.207 0.20_

0.288 0.200

0.288 0.195

0.289 0.191

0.289 0.16?

0*290 0.183

o.2qo 0.180

0.292 0.164

0.293 0.151

0.294 0.140

O.ZBB 0.130

0.296 0.122

0.297 0,110

0,297 0.108

0.297 0.102
0.298 0.0927

0.299 0.0847

0.299 0.0779

0.299 0.0722

0,299 0,0673

0.299 0.0630

0.300 0.0592

0-300 0.0559

0.300 0.0529

0.300 0.0502

0,300 0.047B
0.300 0.0456

0.300 0.0436

0.300 0.0418

0.300 0.0401

0,300 0.0385

0.300 0.0358

0,300 0.0334

0.300 0.0313

0.300 0.0294

0.300 0.0270

0.300 0.0263

0.300 0.0250

0.300 0.0222

0.300 0.0200

0.300 0.0182
0-300 0.0167

0.300 0.0154

0,300 0.01_3

0.300 0,0133

0.300 0.0125

0.300 0.0111

0.300 0,0100

0.300 O.OO800

0.300 0.00666

0,300 O.OOSTI

0.300 0.00500

0.300 0.00444

0.300 0.00400

0.300 0.00304

0,300 0.00333

0,300 0.00286

0.300 0.00250

0.300 0.00222

0-300 0.00208

0.300 0.00167

0.300 0.00143

0,300 0.00125

0,300 0.00111

B.300 0.00100

0.300 0.000909

0.300 0.000833

0.300 0.000769

0.300 0.000714

0.300 O.O006E?

THERMOL VISCOSITY THERM&L OIELECTRIC

CONDUCTIVITY OIFFUSI¥ITY CONSTANT

HW/CN-K G/CM-S SQ-CM/S

*• X 1000000

PR&NDTL

NUMBER

0.160 37.7 0.000540 1.05466 0,481

0.178 36.9 0.000522 1,05316 O.BOO

0.182 36.3 0.000496 1-05252 0.524

0.0716 8.50 0,00199 1.00203 0.781

0.077_ 9.38 0.00267 1.00176 0.740

0.0864 10,6 0.00375 1,001_8 0.708

0-0953 11.8 0.00490 1.00120 0.691

0.104 12.9 0.00614 1.00114 0.681

0.263 25.2 0.0000730 1.03922 3.66

1,75 22.3 0.0000370 1.02859 7.88

0.109 13.5 0.00691 1.00107 0.670

0.110 13.7 0,00718 1.00105 0.676

0,112 13.9 0,00744 1.00103 0.676

0.113 14.1 0.00771 1.00101 0.675

0.115 14.3 0.00799 1.00099 0.674

0.117 14.5 0,00826 1.00097 0,673

0.118 lk.7 O.BOB54 1.00095 0.673

0.120 14.9 0.00082 1.00093 0.672

0.127 15.9 0.0103 1.00086 0,671

0.134 16*9 0.0118 1.0007q 0.670

0.141 17.8 0.0134 1,00074 0.670

0,148 18.7 0.0150 1,00069 0.671

0.154 19.6 0.0167 1.00065 0.672

0.160 20.4 0.0184 1.00061 0.673

0.166 21.2 0.0203 1.00098 0.674

0.172 22.0 0.0221 1.00055 0.675

0.183 23.6 0.0260 1,00050 0.678

0.193 25.1 0.0301 1.00045 0.601

0.203 26,6 0.0346 1.00042 0.683

0.213 28.0 0.0389 1.00039 0-686

0.222 29.3 0.0436 1.00056 0.B88

0.231 30,6 0.0486 1.00034 0.691

O.2k0 31.9 0.0534 1.00032 0.693

0.249 33.1 0.0588 1.00030 0.605

0,257 34.4 0.0640 1,00029 0.696

0,265 55.5 0.0696 1.00027 0.698

0.273 36.7 0.0753 1*00020 0.699

0.281 37.8 0-0812 1.00025 0*701

0,269 38.9 0.0872 1.00024 0.702

0.296 40.0 0.0934 1,00023 0.703

0.304 41.1 0-100 1.00022 0.704

0.311 42.1 0.106 1.00021 0.704

0.326 44.2 0.120 1.00019 0.706

0.340 46.1 0.134 1.00018 0.707

0.353 48.1 0.149 1.00017 O-?O7

0.307 49.9 0.164 1.00016 0.700

0.380 51.7 0.180 1.00015 0.708

0.3B3 53.5 0.196 1.00014 0.708

0.405 55-3 0.213 1.00014 0.708

0.436 Sq,5 0.250 1.00012 0,70B

0.466 63*5 0,307 1.00011 0,707

0.496 E7.3 0.359 1.0OOLO 0.786

0,524 71,0 0.414 1.00009 0.704

0*552 74.7 0.472 1.00008 0*702

0.580 78._ 0.534 1.0000B 0.701

0*606 01-6 0.$99 1-00007 0,699

0.633 84._ 0.666 1.00G07 0.697

0.685 01.4 0.811 1.00006 0.694

0.735 _7.7 0,967 1*00005 0.691

0.805 111.0 ].41 1.00004 0-6?3

0.960 125.0 1.91 1.00004 0,670

1,08 130.0 2*48 1,00003 0.580

1.18 151.0 3,10 1,00003 0,667

1,28 164-0 3,78 1.00002 0,666

1,37 176.0 4.51 1.00002 0*687

1.46 1B8.0 5,2B 1,00002 0,667

1.95 109.0 6.11 1.B0002 D,669

1.72 222*0 7.93 1,00002 0.668

1.8B 243*Q 9.94 1*Q0001 0,660

2*05 264,0 12.1 1-00001 0.668

2.21 284.0 14.5 1.00001 0.668

2.SI 322.0 19.0 1.00001 0,667

2.B0 3B9.0 25.7 1.00001 0.667

3.0? 394.0 3Z.3 1.00001 0.667

3.34 42B.0 39.5 1.00001 0*666

3,60 482,0 47.3 1.00001 0.666

3*85 494,0 05.7 1.00000 0*666

4.10 SZB.0 64.7 1-00000 0.866

4.34 556.0 74,2 1.00000 0.066

4.57 506,0 8W.2 1,0_000 0.666

_.BO E15.0 9_.0 1,00000 0.666

TMO-PHASF BOUNDARY

*+ NUMBER5 IN THIS COLUMN HAVE BEEN MULTIPLIED BY THE INDICIT[D FACTOR



THERHODYNAMIC PROPERTIES OF HELIUM 4

0._ ArMOSPHERE ISOBAR

TEMPERATURE VCLU_E

CC/G

DEG. K _ x .01

2.174 0.06d03

Z,5 0.06073 w_2.0

3.0 G,07061 360.0

3.380 0.07_78 28N-0

3,380 1,_13 _4,0

3.5 1.499 48.0

_.0 1.8L2 63.1

N,5 2-1J8 76,5

5,0 2.3BZ 89.0
5.1 2.4_3 91,W

5.2 O.I_2Q 0.306

5,3 2.563 96,2

5,W 2,o15 98.6

5,5 2.670 101.0

5.6 2.72_ 103-0

5,7 2,ZdO 106.0

5,8 2.835 103,0

5.g 2,500 110,0

E.O 2.9_4 113.0

6,5 3.215 t2_.O

7,0 3,W_3 185.0

7.5 3.7SJ 146.0

8.0 _.015 157,0

8.5 _.27} 168.0

9.0 _,5_2 179.0

9.S _._0S 19C.0

10,0 5.067 ?00.0

11.0 5.58_ 222.0

12,0 6,10_ 2_3.0

13.0 6.67_ 264.0

1_.0 7.147 205*0

tS-d 7.665 306.0

16.0 B.181 327*0

17.0 8,690 347,0

18.0 9,21_ 368.0

19,0 9.72_ 389,0

20.0 10.2_ NIO,O

71.0 10.76 430.0

72.0 11-27 _$1.0

23.0 11,79 47?.0

24,0 12.30 _92,0

25.0 12.82 513.0

26-0 13.33 534.0

28.0 1N.36 575,0

30,Q 15.39 616.0

32.0 16,41 657.0

34.0 17.4W 698,0

36.0 18.47 739,0

38.0 19,49 700.0

_0.0 20.52 &22.0

_9,0 23,0_ 924._

50,0 25.65 1030,0

55,0 28,21 1130,0

60-0 30.78 1230,0

65,0 33.]W 1330.0

70,0 35.90 1_40,0

75,0 38._7 1540.0

80.0 41,0] 1640,0

90,0 46.16 1350,0

100,0 51,?_ 2050.0

125-0 E4.1Q 2570-0

150.0 76,9L 3bBO,O

175,0 89.72 3590.0

200.0 102,5 4100,0

225-0 119.3 4620. V

250.0 128,2 5130.0

275,0 141,0 96_0.0

30C.0 153.8 6150,0

350.0 179,4 7180,0

_00,0 205,0 _?00,0

_50.0 230-7 9230,0

50C,0 256.3 I_300.9

600,0 307,5 12300,0

700.0 396,3 t_00.0

BO0.O NtO.O 16_00,0

90C.0 461,3 1_500,9

1000.0 512.5 ?0500,0

1100.0 563.8 22600,0

1200,0 615,] 24600,0

130£.0 666,3 26700,0

1400,0 717,5 2_700,0

150C.0 768._ 30600.Q

ISOTHERM ISOCHORE INTERNAL ENTMALPY ENTROPY

DERIVATIVE DERIVATIVE ENERGY

CC-ATH_G ATH/K JIG JIG JIG-K

2,64 3,947 4.721 1,973

3,41 5.031 5.317 2.37?

3,65 6.036 6.331 2,690

0,153 23,56 29.78 9,493

0,144 74,04 30,10 9,730

0,117 25.91 33.26 10.97

0.100 27.66 36,21 11.27

0,_37N ?9,35 39.05 1_,37

0.0063 29,69 39.E1 11.98

1,92 19.70 20.2N 5.373

0.0015 30.35 40.70 L2.19

0,0798 30,68 N1.73 12,30

0,0781 31.01 _1,83 12.W0
0.0765 31.3N 42.30 12.50

3,C749 31.67 _?,93 12,60

0,0739 31.99 43,48 12,69

0,0770 82.32 4_,03 12.79

0,0707 32,6N _4,58 17,08

O.Ob_7 34,26 _7,29 13.31

0,05_6 35.87 49.99 I3.71

0.3553 37,47 52.67 1k-08

0,0516 39.06 55.]_ 14.43

O,O_B_ 40m65 58,00 14,75

0,0456 _2.2_ 60.65 15,05

0.0431 _3-82 63,30 15.3N

O,GWC8 _5._0 65,9_ 15.61

0,0370 48.56 71,21 16.11
0.0338 51.70 76,46 16.57

0,0311 54.85 81,71 16.99

0.0289 57.99 86,q9 17,38

0.0269 61.17 92,19 17,74

0.025? 6N*76 97,_2 18,08

0.0237 67,39 102.6 18.39

0.0224 70.5? 107.B 18.69

0.021_ 73.69 113.1 18,97

0,0701 76.78 110,3 19,24

0.0191 79.91 123.5 19.49

0-0103 83.03 170,7 19.74

0,0175 86,16 133.9 19.97

0,01E7 89,28 139.1 70.19

O.O1E1 R2.NO t_W.W 70._0

0.01_ 95,53 1_9,6 70.61

0,0143 101.8 160.0 ?0.99
O,013N 108,0 170,4 21,35

0,0125 11_-3 180o8 21-69

0,0118 120,5 191.2 27.00

0.0111 126,7 201.6 27.30

3.0105 133,0 212,0 22.58

0.0100 139.2 ?27.q 22,35

0,00890 15_.8 ?_3,_ 23,_6

0.00801 170._ ?74.4 24,01

3.00728 186.0 300.3 24.50

0.Q0667 201,6 376,3 Zk,96

0.00616 217,2 397.3 25,37

0,0057Z 232.? 378.3 25,7_

0.00533 245.3 40_.2 26-11

0.00500 263.9 430.2 26,_5

0,00_ 295.1 _82.1 27.06

0,00_00 326,2 934.1 27.61

0.00320 W0_.1 663.9 28.77

0,00?67 N82.0 793,8 29,71

0.00229 559.9 923,E 30.51

0,00200 637.0 1053,0 31.21

0,00178 715,7 1133,0 31.82

0,00160 793.6 1313,0 32,37

0-001_5 871.5 lk_3.0 82.06

0,00133 9_9._ 1573,0 33,31

0,00114 1105,0 1837,0 3_.11

0.00100 1761.0 2092,0 34.81

0,000889 1_17o0 2352,0 35,_Z

0.000800 1573,0 2611.0 35,97

0.000667 108_,0 3131.0 36,91

0.000571 7196-0 3650.0 37.71
0,000500 2507,0 4169.0 38,_1

0.000_ 2819,0 N609.0 39.02

0,000k00 3131,0 5?08,0 39.57

0.000364 3447.0 9727.0 _0.06

0.000333 3754,0 62_6.0 40.51

0.000300 _065.0 6766,0 40,93

0,000286 _377.0 7205,0 _1.31

0,000287 4688,0 7804.0 41.67

CV

1,908

1.918

Z.067

3.289

3.258

3.181

3,146

8.129

3.127

3.16_

3.123

3.122

3.121

3.120

3.119

3.118

3.117

3.116

3,11_

3o113

3,113

3,113

3.113

3,11_

3.11_

3,11_

3.115

3.116

3,116

3.116

3,116

3,117

3.117

3.117

3,117

3,117

3.117

3.117

3,117

3.117

3.117

3.117

3.117

3.117

3.117

3,117
3,117

3.117

3.117

3.117

3.116

3.116

3.116

3.116

3.116

3.116

3,11_
3.116

3.116

3,118

3,116

3.116

3.116

3,116

3,116

3,116

3,116

3,116

3.116

3.116

3,116

3.116

3.116

3.116

3.116

3.116
3.116

3,116

3.116

3.118

3.116

J/G-K

CP

2.097

Z.k08

Z.918

6.961

6.674
6.0fi7

5,773

5.616

5,593

1108,0

5,553

5.536

5.519

5.50_

5,_90

5._78

5.466

5.454

5,409

5.375

5,349

5.329

5,313

5.299

9.288

5.279

5.264

9.253

5.2_5

5.238

5.232
5.228

9,22_

5°220

5.218
5.215

5.213

5.211

5.210

5.208

9.207

5.?06

5.20_

5.203

5.202
5.201

5.208

5,199

5.198

5,197

5.196

5,196

5,195

5.195

5.199

5.19_

5,194

5,194

5.194

5,193

5,193

5,193

5.193

5,193

5.193

5o193

5.193

5.193

5.193

5.193

5.193

5,193

9.193
5.193

5.193

$.193
S. 193

5.193

_.193

5-193

5,193

VELOCITY

OF SOUW_
M/S

721.9

213.9

201.5

96.97

99.9

110.3

119,3

127.2

128.7

10_.1

131.7

133.1

13_-5

139.9

137,3

$38,6

I_O.O

141.3

1_T°7

193,8

1516

16_,1

170.9

175.6

188,6

105.5

19_.8
203-6

21Z,1

220,2

228.0
239._

2R2,8

249.9

256.8

263,5

270.0

276.k

282.6

288.7

294.6

380.9

311.8
322,7

333.3

_43°6

353.5

363-2

372.6

395.?

916,9

_36.8

_56.2

_7_.8

_92,7

509.9

526.6

598.5

588.7

658,1

7?0,9

778.6

032.3

082,7

930,5

975,9

1019,0

1101.0

1177.0

1248.0

1316.0

1941.0

1557.0
166_,0

1765.8

1861,8

1951.0

2038,0

7121o0

??01.0

2279,0

TWO-_HASE BOUNDARY

_" NUHBERS IN THIS COLUMN HAVE BEEN HULTIPLIEC BY THE INDICATFO FACTOR
_6



O.k _THOSPMERE [50BAR

TMERMOPMYSICAL PROPERTIES OF HELIUM w

TEMPERATURE OE_$ITV V(OM/OV) V(DP/OU_P

OEG.K GICC JIG ATH-CC/J

• _ X 100

Z.S I_.SY 51,1 9.51
3.0 1_,%6 36.0 12,6

• 3.380 $3.7_ 51.0 17,8

" 3.380 0,7076 1N.1 6.$8

3.5 0,6_89 1_.9 6,60

_.0 0,551g 18,1 6,65
_.5 0,_7_5 ZI.G 6,67

S.O 0,_180 23.9 6,63

5,1 0._085 26,5 6,60

5.2 7.578 13._ 8.QO

5.3 0.3_07 25,6 6.68

S._ 0.352_ 76,2 6.68

5,5 O,3t_S 26,7 6,68

S.6 0,3669 77,3 6.68

S.7 0,3597 07,9 6,68

5.8 0,3527 28,_ 6.68

5.9 0,3661 29,0 6.68

6.0 0,3397 09.5 6,68

6,5 0,3111 32,3 6.67

7.0 0,2871 35,0 6,67

7,5 0,2_67 37.7 6.66

6.0 O,Z_91 _0._ 6.66

8.5 0,2337 _3,1 6.65

9,0 0.2202 65.8 6.65

9,5 0,2081 _8.5 6,65

10,0 O.lgT_ 51.1 6.6k

11,0 0.1789 56._ 6,6_

12.0 0.1637 61,7 6,63

13,5 0.1509 67.0 6.63

1_.0 0.1399 72.3 6.62

15,0 G.1305 7F,5 6,62

16.0 0.1222 82.8 6,62

IT,0 0.1150 88,8 6,61

18,0 0.1085 93.3 6.61

19,0 0.1028 98,_ 6.61

78,0 0.09761 10_.0 6,61

71,0 0.0t29_ 109.0 6,61

ZZ,O 0.00870 11_,0 6.60

23.0 0,08W03 119.C 6,60

Z_,0 0,03128 125,0 6,60

Z5,0 0.07802 130.0 6.60

26.0 0.07501 135.0 6.60

18.0 0.06964 1_5.0 6.60

30.0 0.06_99 156.D 6,60

32.0 0,00092 166.0 6.59

3_.0 0.0573W 177._ 6.59

36.0 0.05k15 187.0 6.59

38.0 0.05130 198.0 6.59

WO,O 0.0;873 208.0 6.55

45,0 0.04332 23_.0 6.59

50,0 0.03099 260,0 6.59

55.0 0.035_ 286.0 6.59

BO,O 0.032_9 312.0 6.59

65,0 8.0299q 338.0 6.59

70.0 0.02785 366.Q 6.59

7S.O 0,02600 390.0 6.5B

88.0 0,02637 _16.0 6.58

90.8 O,OZ16T _68.0 6,56

100.0 0,01950 S20,0 6.58

125,0 0,01560 6qq,O 6,58

150,0 0.01300 779,D 6.58

17S.O 0,0111S ?OQ,O 6.58

200.0 $,009753 10_0,0 6,58

225.0 0.008670 1170.0 6.58

250,0 0.007803 1300.0 6,58

Z75.0 0.00r09_ 1_30,0 6.58

300.0 0,006503 1560.0 6.58

350,0 O.OOSST_ 1820._ 6.58

kOO.O 0.00k877 2080.0 6.58

_50.0 0.00_335 23_0.0 6.58

500.0 0.003902 2600.0 6.58

600.0 0.008252 3120,0 6.58
700.0 0,002?87 3660,0 6.58

800.0 0,002k39 k150.0 6,58

900.0 0,002168 _6TO.O 6.S8

1000.0 0.001951 5190,a 6.58

1500.0 0.08177_ $710.0 6.58

1200.0 0.081626 6230.0 6,58

1300.0 0.001501 6750.0 6.58

1600,8 0,00139_ 7270,0 6,$8

1500.0 0.001301 7790.0 6.58

-V(OP/DV) T (OV/OT) IVP

ATM 1/OEG.K

64.q 0,0_11

51.G V.0669

39.0 _.0935

0.311 0.492

0.321 0._W8

0.3k8 0.335

0.363 _.274

0.372 b.735

0.373 G.228

G.bZ32 82,8

0.376 C.217

0,377 &.211

0.370 G.206

2.379 &.2_2

0.38d _.197

0.301 0.193

0.382 0,109

0.383 6.185

_.386 0.168

0,380 0.154

0,390 0.1_2

0.392 _.132

0.393 0.123

0.394 0.116

0,395 G,109

0.395 0.1_3

0.397 0.0933

0,397 0.0851

b,398 0.0703

0.398 _.07_5

0.399 0.0675

0.399 0,0631

0.399 0,0593

G._GQ _.056_
O.WOO 0.0530

_,_00 _.0503

0.w00 0.0_79

O.WO_ G,0418

0.400 O.0WOl

0.w_0 C.0306

0.400 0.0358

_.k_O 0.033_

0._00 0._313

_.k00 0,0294

0.400 0.0278

0._00 0.0263

0.40J 0._253

0.k00 0.0222

O._uO 0.0200

0.400 G.01U2

0.k00 G.0167

0._00 0.015_

0._00 0.01k3

0._C3 0.0133

0.k0_ _.0125

0.k00 0,0111
O.k_ O.dtOO

Q.NGO 0.0080_
0,_00 0.00666

U._O0 0.00571

0,_00 0,0G500

0._00 G.0_4_

0._00 0.00_00

O.WOO 0.0_36_

O._d G.00333

O._GO 0._0266

0._00 0.00250

0,400 0.00222

0._00 0.0020_

0._00 0.00167

0._0_ C.001_3

0._00 0.00125

0,W00 0,00111

0.400 0.001_G

0._0_ G,_00909

O.k_O 0.600833

O.kO_ 0,00076)

0._0_ 0.00071_
0.W03 0.00_667

THEkMAL VISCOSITY

CONOUCTIVITY

_W/C_-K G/CM-S

_,166 _d._

3,179 37,2

0.1_ 35.6

Q.Q/?8 9.23

0.0795 _.53

_.0077 10._

_._562 11._

_.1_5 13,_

0.1_6 13,2

3.02 22.2

9,1_9 13.6

0.111 13,8

0,117 1_.7

0,1_0 15.1
0,128 16.Q

_.135 17._

0.1_1 17.g

0.15_ 1_.6

O.16a 2_.5

J.166 21.3

0,172 22.1

0.183 23.7

0,19_ 25.2

d.2_ 26,6

0.213 28._

0.223 29.W

0,232 30.7

0.2_1 32.L

_.2_5 33,2

0.257 3_._

J.266 35.6

J.274 36,7

0.Z_1 37.9

_.2a5 39.3

0.297 _3._

0.30_ W1,1

3.311 _2.2

:.326 4_.2

0.353 _6.1

0.3bT 50._

0.36_ 51,_

_,393 53,5
]._6 55,3

0._37 59.5

O._b7 63.5

0.496 67.3

0.52_ 71,1

0.552 7_.7

0.580 78,2

0.607 81.6

3,633 _4._

0.665 91._

0.735 97,?

0.855 111._

0.960 125.0

1.08 138.J

1.18 151.0

1.28 16_._

1.37 176.0

1.46 188,6

1.55 199,0

1.72 222.0

1.89 2_3.0

2.05 26_,0

2.21 28_.0

2,51 322.0

_._0 35g._

5.07 394.0

3,34 428..

3.6_ _62._

3.85 _9_.0

_.1_ 525.Q
4.3_ 556.0

k.57 586._

THERMAL DIELECTRIC PRANOTL

OIFFUSIVITY CChSTANT hUMOER

S_-CH/S

_,_06_3 1.05_76 0.W81

_.003_25 1,$5327 0.500

_,._W_ i._51b6 0.55a

_,0C2_2 1.OJ2&w 0.7_3

J.]L_o_ 1._JL51 C,6_6

_,0057- i._I_2 0.690

0._05_5 1,0_13_ 0,689

L,CQ565 1._1_6 Q.6_B

_._5a6 1,_L35 0.686
9.006_ 1._)13_ 0.685

O.O_6_ 1,0.12_ 0.68W
_.3U6W9 _.72126 0,683

C.Q_75_ L,C_%15 0,680

0.0_873 1.]]1_6 C,678

_.0112 1.],_2 Q.676

;,01_ l,]J_B7 0.677

0._136 l,_J_2 0.67?

_._151 1._77 _.678

O._tB_ 1._73 5.679

0,0275 1.&_061 D,6_3

_,_257 1,_056 _,686

Q.0291 I,C_52 0,08_

J,032_ 1._8 0.690

..03_ i.)J_w5 0,692

_,O_J1 1.0_W3 0,69_

3.0_C 1,0;_W3 Q.696

0.0W_£ 1,0003_ 0.697

.,:522 1._._36 _.b99

0*b565 1._03W 0,700

L.0609 1._._33 Q,7Cl

L,O65W 1.0_51 0.7C2

0.07_1 1.0_30 @.705

u.oTwe 1.CJL2_ Q.?C_

_,6797 1._J_2B _.705

_,0_99 1.JGD26 0.7&6

C.IO@ 1.OJQ_W U.707

.,112 I._*:_3 0.7_8

0.123 1.0o_21 0.70_

_.135 1._U_20 0.708

J,147 I.b_B1_ 0.709

Q.16_ l._J1_ Q,TL9

Q,19- 1,_JGL6 0,708

G,23_ 1,00_4 0.707

J.269 2,_3_13 0.706

v.311 1.C_12 0.70W

b.35W l,_J[ll 0.7E2

O.W_I 1.0]010 0.701

C.W_9 I.C,310 0.599

_.50_ 1.0.009 0.697

0.608 l. OQ_.S 0.69W

0,726 1.030V7 0,691

%.06 l._JO6 0.673

1.W3 1,0_G05 0.670

1.86 1,03_ 0.668

2.33 I._0_ C.667

2._ 1._GC33 0.666

3,38 1.u_003 0.667

3.q7 1.GJ003 0.667

_.5_ I,_.02 0.669

5,_5 1._30_2 0.660

7o_5 1,0J_J2 _,668

9,10 1.6]_02 0.660

1_,9 i._JC_l 0.668

1_,8 1,_J_L1 0.667

19.3 1.9J0_1 0.667

24.3 1.03001 0.667

29.7 1,00091 0.666

35.5 1,_661 0.666

41,8 1.0_I 0.666

_8.5 1.6_0_1 0.666

55.6 I.Q0001 0.666

63.1 1.QJ_I 0,666

71.I 1.C.000 0.666

IWO-PHASE BOUNDARY

e* NUHBER5 IN 7415 COLUMN HAVE BEEN _ULTIPLIEO BY THE INOICATEO FACTOR



THERNOCYNAWICPROPERTIESOF HELIUM

0-5 ATMOSPHERE I$OqAR

TEMPERATURE VOLUHE ISOTHERH ISOCHORE INTERNAL ENTHALPY ENTROPY

CC/b DERIVATIVE OEPIVATIVE ENERGY

OEG, K "" X ,01 CC-ATMIG ATN/K JIG JIG J/G-K

" 2,173 0.06/92

Z,5 0.06462 6WB.O 2.6W 3-932 6.2B0

3.0 O.O?OW6 366,0 3,42 5.013 5.37J

3,5 0,07366 265.0 3,70 6,366 6.?30

3,563 0,07193 252,0 3,71 6,566 6.938

+ 3.563 1-15_ 62.3 0-189 23.78 29.63

4,0 I.]96 57,7 0,153 25,56 32.E0

6.5 1.662 72,2 0,129 27.37 35.E9

5,0 1.8?? 36,6 0.112 29.11 38.62

5.1 1.92) _B.O 0,109 29°45 39.19

5,2 1,96_ 90,5 0,107 23.79 39.77
5-3 2,015 93-0 0.106 30.13 60.33

5,4 2,0b5 95.5 0.102 30,46 60,90

5,5 2.105 9l.q 0.0995 30,80 61._6

5.6 2.150 100,0 0,0976 31.13 62.02

5.7 2°195 103.0 0,0953 31,46 42,58

5,8 2,239 105.0 0.0934 31.19 _3,14

5.9 2.28w 108,0 0,0915 32,12 63,69

6.0 2.328 110,0 0,089? 32,45 WW.?5

E.5 2.568 122,0 0.0819 36,09 67.00

7.0 _.765 133.0 0.0753 35.71 M9.72

7,5 2.981 1_q.0 0.0698 37,32 52._2

8.0 3.195 156,0 0.0E51 38.93 59.11

8.5 3.60_ 167.0 0.0610 _0o52 57,79
9.0 3.620 178.0 0.0573 W2.12 60.h6

9.5 3.831 188,0 0.05_2 _3,71 63.12

10.0 6.062 199-0 0.0513 _5-29 65.7?

11.0 W,661 221.0 0.0666 68,#6 71.06

12,0 6.87_ 262.0 O,OMZ6 51.61 76.33

13.0 6.296 263.0 0.0391 56.76 81.59

16.0 5.712 28_.0 0.0362 5/.91 86.85

15,0 6,127 305.0 0._337 61.O5 92,09

16.0 6.561 326.0 0,0316 6_,19 97,_3

17.0 6.955 367.0 0.0297 67.33 102.6

18.0 7.36_ 368.0 0.0280 70.66 107.8

19.0 7.782 389.0 0.0265 73.5 a 113.0

20.0 8.195 WO9.O 0.0252 76.73 118.2

21,0 8.60? _30.0 0.0239 79.86 123.5

22.0 9,01_ 451.0 0,0220 82.98 128.7

23.0 9.631 6?2.0 0.0218 86.11 133.q

2_.0 9.84_ 492.0 0.0209 89.2_ 139.1

25,0 10.25 913.0 0,0201 92,36 1_,3

26.0 10.67 93_,0 0.01c3 95.69 169*_

28,0 11,W9 579.0 0.0179 101-7 159.9

30,0 12.31 616.0 0.0167 108.0 170.6

32.0 13.13 657.0 0.0157 116.2 180.8

3_,0 13.96 699.0 0.0167 120,9 191,2

36.0 16,78 760,0 0.0139 126.7 201,5

38.0 /9.60 701.0 0,01_2 133,0 212.0

60,0 16,62 822.0 0.0125 139,2 222._

65.0 18._7 929.0 0,Cl11 156.8 2_8.6

90.0 20.52 1030,0 0.0100 170,4 27_._

55.0 22.58 1130.0 0.00910 186.0 300.3

60-0 26.63 1_30-0 0.0083_ 201.6 326._

65,0 26.6d 1360.0 0.00770 21?.1 352.3

70.0 ?8.73 1660.0 0,05719 232,7 378.3

76.0 30.78 1560.0 0.00E67 268.3 _06.3

00.0 32.83 1_40,0 0.00623 253.9 _30.2

90.0 36.93 1550.0 0.00556 295.1 682.2

100.0 41.03 2050.0 0.00_00 ]26.2 53_.1

129.0 51.28 2570,0 0.00600 606.1 663._

150,0 61.53 3_80,0 0.00_33 682,0 793._

175.5 71.78 3590.0 0.00286 559.9 923.6

206-0 82.03 _100.0 C.00250 637.8 1053.0

225.0 92.28 6620,0 0,00222 715.7 1183.0

250,0 102.5 5130,0 0.00200 793.6 1313.0

275,0 112.8 56_0.0 0,00182 871,S I&63.0

300-0 I23.0 6150.0 0-00167 949.4 1573.0

350.0 163.5 7180.0 0.00163 1105,0 1832.0

60_.0 164.0 8200,0 0.00125 1261,0 2092,0

650.0 I_6.5 9230.0 0.00111 1_17.0 _332.0

500,0 205,0 10300.0 0,00100 1573.0 2611.0

600.0 266.0 12300,0 0.000833 1886,0 3131.0

700,0 287.0 14600.0 0.00071W 2196.0 3650.0

800.0 328.0 16605.0 0.000629 2907.0 _169.0

gOC.O 369.0 1_500.0 0.00C596 2819,0 6689.0

1000.0 _10.0 2_500.0 O.COC500 3131.0 5208,0

1100.0 651,0 22600.0 0.000455 3_62.0 5727.0

1200.0 692.3 Z_60C.O 0.0G0417 375_.0 62_6.0

1300.0 533.0 26100.0 0.000385 W069.0 6?66,0

160[.0 576.0 28700.0 0.000357 6377.0 7285.0

150_,0 615.0 30d00,0 0.000333 L688.0 7806,0

1.968

2.366

2.786

2.8&3

9.222

1C.01

10.74

1_.35

11,67

11.58

11.69

11o79

11.90

12.00

12,10

12.19

12.29

12.38

12.82

13.22

13,60

13.96

14.27

16.57

16.86

15.13
15.6W

16.10

1E.52

16.91

17.27

17.61

12.93

18.22

18.51

18.77

1_.03

19.27
19.5C

19.73

19.96

20.14

20.93

20.89

21.22

21,5R

21.8_

22,12

22,38

23.00

23.56

2_.06

2_.91

25.29

25.65

25o09

26.80

27.19

28.30

29.?_

30.09

30.7_

31.36

31.90

32._0

32.85

33.65

3_.36

3k.96

]5,50

36,65

37.26

37.9W

38.56

3_,10

39.6C

60.05

60.67

W0,85

W1.21

TWO-PHASE OOUNOARY

++ NUMBERS IN THIS COLUHN HAVE 9EEN MULTIPLIEE 9Y T_E INDICATEO FACTOR

CV

J/G-K

CP VELOCITY

OF SOUNC

M/S

1.g02 2.088 223.2

1.917 2.398 215._

2.109 3.096 198.7

2.131 3.212 196-1

3.301 7.317 98.07

3.208 6,423 108.2

3.159 5.983 117.7

3.135 5.755 126.1

3.132 5,723 127.6

3.130 5.693 129.2

3,127 5.666 130.7

3.125 5.642 132.2

3.123 5.619 133,6

3.122 5-599 135.0

3.121 5.580 136.5

3.119 5,562 137,9

3.118 5.5W6 139.2

3,117 5.531 160.6

3,11_ 5.670 1_7.1

3.113 5._25 153.3

3.113 5.391 159,2

3.113 5.365 166.8

3.113 5.36_ 170.2

3.1%3 5.37? 175._

3.114 5.313 180.5

3.11h 5.301 185.3

3.115 5,282 19_.7

3,115 5.289 203.6

3.116 5-758 212.1

3.116 5.2_9 220,2

3,117 5.2_2 228.0

3.117 5.236 235.6

3.117 5.231 2_2.9

3.117 5.227 250.0

3,117 5.226 256.9

3.117 5.221 263.6

3.117 5.218 270.1

3.117 5.216 276.5

3.117 5-214 202.7

3.117 5.212 288.8

3.117 5.211 29W.7
3.117 5.209 300.6

3.117 5,207 311.9

3.117 5.205 322.9

3.117 5.20k 333.4

3.117 5,202 363.7

3.117 5.201 353.6

3.117 5.201 363.3

3,117 5,200 372.7

3.117 5.198 395.3

3.117 5.197 616.6

3.117 9,196 636.9

3.116 5.196 456,B
3,116 5,195 H76.9

3.116 5.1qB _92.8

3.116 5-195 910.0

3.116 5.195 526.7

3.116 5.196 958.6

3.116 5.19_ 800.8

3.116 5.19_ E58.2

3.116 5,193 720.9

3.116 5,193 778.6

3,118 5.193 332.&

3.116 5.193 882.8

3.116 5.193 930.5

3.116 5.193 975.9

3.116 5.193 1019.0

3.116 5.193 1101.0

3.116 5,193 1177.0

3.116 5.193 1268.0

3.116 5.193 1316.0

3.116 5.1g3 1461.8

3.116 5.193 1557.0

3.116 5.193 1664.0

3.116 5.193 1769.0

3.116 5.193 1_61.0

3.116 5.193 1951.0

3.116 5,193 2038,0

3.116 5,193 2121,0

3,116 5.193 22C1,C

3,116 5.193 2279.0



IHERMOPHYSICAL PROPERTIES OF HELIUM W

0.5 ATMOSPHERE ISOBAR

TEMPERATURE DENSITY V(OH/DVIp V(DP/DU_

OEG. K GICC JIG ATM-CC/J

*_ X 100

Z.tT3 14.72
2.5 lk.5T 5L,6 9.53

3.0 1W.I_ 36,5 12.6

3.5 13.62 30.2 12.9

3.563 13.53 29.5 12.9

* 3.563 0.8560 iW.W 6.61

4.0 0.7175 17.3 6.67

4.5 0.6_90 ZO._ 6.70

5.0 0.5327 Z$.W 6.70

5.1 0.5199 2_.D 6.71

5.2 0.5078 24.6 6.71

5.3 0.436k 25.1 6.71

5._ O.W55W 25.7 6.71

5.5 0.4T50 26.1 6.TI

5.6 D._651 Z6.B 6.71

5.7 0.4356 27.W 6.70

5.6 0.4466 28.Q 6.70

5._ 0.4579 28.5 6.7U

6.0 0.4295 29.1 6.70

6.5 0.3925 31.9 6.70

7o0 0.3616 34.7 6.69

?.5 0.3355 $7._ 6.68

8.0 0.3130 40.1 6,66

0,5 0.2935 _2.9 b.67

9.0 0.2763 _5.6 6.67

9.5 0.2_10 48.2 6.66

10.0 0.2_74 50.9 6.66

11.0 0.2242 56,3 6.65

12.0 0.2009 61.6 6.64

13.0 0.1588 66.9 6.64

14._ 0.1751 72.2 6.63

15.0 0.1_32 7(._ 6.63

16.0 0.1529 82.7 6.62

17.0 0.1_38 88.0 6.62
18.0 0.1357 93.2 6.62

19.0 0.%285 98.5 6.62

20.0 O.IB20 I0_.0 6.61
21.0 0.1162 Iu9.1 6.61

22.0 0.1109 11_._ 6.61

23.0 0.1_60 %1q.0 6.61

24.0 0.1316 125._ 6.61

25.D 0.03751 130.0 6,61

26.0 0.03375 135.D 6.60

28.0 0.08704 tWS.0 6,60

30.0 0.08122 156.0 6.60

3Z.0 0.0T614 166.G 6.6_

3_.0 0.07166 1TT.Q 6.60

_6.0 0.06767 187.0 6.60

35.0 L.O_Wll 195.C 6.59

_0.0 0.0_090 208.0 6.59

_5.0 u.O_lW 25_.0 6.59

50.0 0.0_872 ZEQ.U 6.59

5_.0 O.JW_30 286.0 6.59

_3.0 0.0_061 312.3 6.59

55.0 0.03748 338.0 6.59

70.0 0.03481 364.0 6.59

75.0 0.03249 390.0 6.59

_0.0 0.03046 4%b.0 6,59

90.0 0.0?708 468.0 6.58

1J0.0 0.02437 520.0 6.58

125.0 0.01953 650.0 6.56

150.0 Q.01625 779.0 6.58
175._ 6.01393 9U3._ 6.58

2}0.0 0,01219 1040.0 6.58

225.0 0.01084 117_.0 6,58
250.0 0.009753 1300.0 6.58

2?5.0 0.008867 1_30._ 6.5_

3_0.0 0._081_8 1560.0 8.58

35J.0 0.006967 1820._ 6.58

400.0 0.0d6096 2080.0 6.58

_SO.O 0.03541) 23_0.0 6.$_

500.0 0.004877 2600.0 6.58

600.d O*O_4&bW 312Q._ 6.58

700.0 0.003W84 36_.0 6.5_

800.0 Q.60364a wISO.& 6.58

9a;.D 3.002710 _.620.0 6.Bb

1000.0 0.032_3_ 5190.0 6.58

1100._ 0.Q_2217 5710.0 6.58

%2_.0 0.0_2032 6230.0 6.5_

1300.D 0._1870 6750.0 6.5_

iwO0.G 0.00_742 7270._ 6.5_

1500.0 C.0_162_ 7790.0 6.5_

*V(OP/DV} T (DV/OT_/V

ATM 1/DEG,R

THERMAL VISCOSITY THERMAL DIELECTRIC

CONDUCTIVITY DIFFUSIVITY CONSTANT

HWICH-K GICM-S SQ-CMIS

_* X I000000

65.3 0.0405 0.166 36.? 0.00G5q5 1.05485

51.9 U.0658 0.179 37.4 0.000527 1.05339

36.1 0.102 0.188 35.2 _.00_,46 1.35ii9
3_.% 0.169 0.189 34.8 _.00_435 %.05_4

0.37% 0.510 _.0832 9.87 0.001_1 1.0_321

0.414 0.371 0.0892 10.9 0.0019_ 1.C_266

0.4_0 0.293 0.u973 I2.1 _.002_7 1.0_226

0.455 _.2_6 0.i_5 13.1 0.003_4 I.CJ197

0.458 0.239 0.1U7 13.3 0.0036_ 1.07193

0.460 0.232 0.109 I3.6 3.G_376 1.0_1_8

0.462 0.226 0.%%o 1].8 _.0639_ 1.00184

0.464 0.219 0.112 I_.0 0.00408 1._J180

0.465 0.21_ 0.113 1_.2 _.00_24 1.00176

0.467 C.209 0.115 1_.4 u.00_41 1.0_172

0.468 0.20_ 3.116 1_.6 0.03_58 1.0_169

0.470 0.199 0.118 14.8 0.00_75 1.60168

O.W71 0.19_ 0.119 15.0 0.004£2 1.00162
0.472 0.11 0.121 $5.2 _.655{9 1.6_159

0._77 0.171 _.128 16.1 0.G_597 1.031_5

J.481 u.156 0.135 17.1 0._0689 1.u3134

0.48_ 0.144 _.142 18.0 0.00705 1.00124

_*_87 0.134 0.148 18.9 0.00884 1*00116

0.409 0.125 _.155 19.7 0._0987 1.00109
6.490 Q.117 0.161 _0.6 u.01_9 1.0_102

0._92 0.110 0.167 21.4 0.012I 1.0_897

0.493 0.104 0.172 22.2 G.0132 1.0_092
0.495 0.0939 _.184 23.8 J.0155 1._3083

0.496 0.0_56 _.19_ 25.2 O.OIBC 1.0_076
0.497 0.0786 0.20_ 26.7 0.0206 1.GJ_73

0.498 0.0727 0.214 28.1 0.0?33 I.u_65

0._98 0.0677 3.223 29._ 0.0261 1.I_60

0.499 0.0633 0.232 30.7 0._29_ 1._67

0.499 0.0595 _.2_1 32.0 0.0326 1._53

0.499 0._561 0.2_9 33.2 6.0352 1.01050

d.439 0.0531 _.258 34.4 _.038_ 1.000_8

0.50_ G.uSO_ 0.266 35.6 0.0_17 1.0.3_5

J.5_3 &.a_79 _.27_ 36.8 0.0_52 I.D0543

0.500 0.0_57 0.282 37.9 6.0487 I._3041

0.500 0.043? _.289 39.0 C.0523 1.0_039

_.500 _.G_01 0.3_ 41.t 0.0899 1.03036

0.500 0.0380 _.312 42.2 3._638 1.0_35

0.500 &.0358 0.326 44.2 _.0719 1.0J032

_.SuO 0.0334 0.3_ 46.2 _.08_ i._333J

_.5_i 0.0313 0.354 _8.t _.06_3 1.0)028

0.501 0.0294 0.367 50.3 _.0985 t.0_827

0o5_1 6.0278 0.38_ 81.8 _.t_8 i.._025

_.SCL _._263 _.393 53.6 _.ti8 t.0_24

0.801 0.025_ O._B 55.3 0.128 L._)023

0.501 6.0222 0._37 59.8 0.155 1._J2_
0.501 &._2_ _._67 63.5 _.18_ I._18

0.5_i G.0182 _._96 67.4 _.216 1._2016

G.Sul _.3167 _.525 71.1 _.2_9 1.J_I5

0.501 _.0%5_ 0.552 7_.7 _.28_ 1._Qt_

0.5_0 U._1_3 0.58_ 78.2 _.321 i._13

_.560 0.0133 J.6_7 81.6 _.359 i._J_12

J.5_3 &._125 J.633 _5.1 0._00 1.]_011

G.50_ _oul_ 3*735 97.7 _.5_I i._i_9

3.530 0._083_ J._55 111.0 ]._ I.L_J7

0.500 _.00606 0.969 125._ 1.15 I._J6

_.Bu_ &._0_71 1.08 13_._ 1.49 l.OJ_o5

0.5_3 _.06_ 1.26 16_.L 2.2? I.C_C_

Go500 0.30_00 1.37 I76._ 2.71 1.0J_O_

O.SJO G.u036. i._6 )88.L 3.17 I._J_G3

0.500 G._0333 1.55 199.& _.67 i.;JO_3

_.530 0.u628_ 1.72 222.J _.76 i._]_03

0.5_0 C.0025_ 1.89 243.G 5.96 1.03_2

0.500 1._J222 2.JB 26_.0 7.28 1.6o_02

_.Eu_ _._3_u. ?.21 78_._ 4.71 1._732

_._.0 0._167 2.51 322._ II.9 I._02

0.5_0 _.00143 2.8_ 359.0 15._ 1._0_1

0.500 0.u01_5 ].07 394.6 I_°4 1.0JO01

0.5_ _.O_tll ].3_ 428._ 23.7 I._3_I

0.50_ L._1_ _.06 402.0 28.4 I.GJO_I

G.5_Q 0._0_3_9 ].85 49_.C 33.4 1.0_G_I

0.500 Q.000_33 _.10 525.0 38.8 I._3_!

J.6_] _.0000_7 _._b 615.0 56.9 1.0U_61

PRANDTL

NUMBER

0.481

0.500

0.579

0.592
0.868

0.785
0.741

0.717

0.714

0.711

0.708

0.706

0.703

0.701

0 .699

0.698

0.696

0.694

0,689

0.685

0.683

0.682

0.682

Q.681

0.682

0.682

0.68_

0.686

0.688

0.690

0.691

0.693

0.695

0.697

0.698

0.659

0.781

0.762

0.703

0.7C_

0.704
0.7G5

0.716

0.7C7

0.708

0.7_8

Q,7_9

0.7_9

0.7_9

0.718

0.7_7

0.706
0.704

0.702

0.701

0.699
0.697

0.694

0.691

0.673

0.670

0.668

0.667

6.666

0.667

0,667

0.669

0.668

0.668

0.668

0.668

0.667

0.66?

0.667

0.666

0*666

0.666

0.666

0.666

0.666

TWO-PHASE BOUNDARY

"" NUH_[RS IN T4IS SOL_HN HAVE _EEN HULTIFL[ED DY THE [NOICAT[O FACTO_



THERMOCYNAMIC PRCPERTIFS OF HELIUM 4

0.6 ATMOSPHERE IS09AR

TEMPERATURE VOLUHE ISOCHORE INTERNAL ENTHALPY

CC/G DERIVATIVE ENERGY

DEG. K _ X .01 ATM/K J/G J/G

• 2.1TZ 0*06783

2,5 0.06B51 454.0 2.6_ 3,922 4*]39

3*0 0*0?032 3?2*0 3*_2 4.996 5._24

3,5 0.07323 2?2°0 3.22 6*337 6.782

3.723 0.0?509 224,0 3.74 ?.061 7.518
3.?23 0.9?57 41.4 O*225 23.94 29*87

4.0 1.111 51-8 0.195 25-13 31.89

4.5 1.330 6?.? 0.160 2?.06 35.15

5.0 1.533 81.8 0,138 28.85 38.12

5.1 1.52] 84,5 Q*13k 29.20 38.?6

5.2 1,612 62.I 0.131 29,55 39*35

5.3 1.651 89.? 0,128 29.89 39.93

5.4 1,689 92.3 0.125 30,2_ _0.51

5.5 1.728 94,8 0.122 30.58 41.Q8

5,6 1,766 97.4 0.119 30.92 _t*65

5.? 1.80_ 100,0 0*112 31.25 _2*22

5.8 1.8_2 102.0 0.11_ 31.59 42.79

5*9 1.880 105.0 0.112 31.92 43.35

6,0 1.912 102,0 0.109 32,22 _3.91

6.5 2.103 119.0 0.100 33,91 46*?0

7,0 2,286 131,0 0,091_ 35°55 _9._5

7.5 2._68 143,0 0.06_6 32,18 52.18

6,0 Z,EW8 15_,0 0.0767 38,79 5W.89

6.5 2*82? 165,0 0*0737 40*kO 57,58

9.0 3.005 I26.0 0.0693 _2,00 60.26

9.5 3.1B2 16?.0 O*0654 43.59 62.9_

10,0 3.358 198.0 Q.g619 45.19 65.E0

11,0 3.710 220.0 0.0560 _8,36 70.91

12.0 4*O59 241.0 0.0511 51.52 76.2O

13.0 4.408 262.0 0.04?0 54,68 81._8

14,0 _.755 284,0 D.0_35 57,83 86.?_

15.0 5.102 305-0 0.0_06 60.98 92.00

16°0 5°_8 326*0 0.038Q 64,12 97.2_

17,0 5.29W 347,0 0*035? 67,Z6 102.5

18.0 6.139 368,0 0.0336 ?O,kO 107.?

19,0 6.483 389.0 0.0316 23,5_ 113,_

20.0 6.823 409,0 0*0302 ?6.67 116.2

21.0 ?*172 430,0 0.0288 79,81 123._

22,0 ?.51o H51,0 0.027_ 82.9_ 128*E

23.0 ?-660 422,Q 0*02E2 86,0? 133.8

24.0 8,203 _92.0 0.0251 89,Z0 139.1

25.0 8,SWT 513.0 0.0241 52.32 I_4.3

26.0 8.89_ 53_,0 0._232 95._5 I_9°5

28,0 9.5?6 5?5*0 0.0215 I01,7 159.9

30.0 I0.26 616.Q 0.0201 106,0 I?Q*_

32,D 10,95 658,0 0,_168 114.2 160°?

3_-0 11-63 699.0 0*0122 120,_ 191.2

36.0 IE.32 ?40.0 3.0127 126.? 201,E

36,D 13.00 781.0 0._158 132,9 212.0

_0°0 13,69 822,0 O. Q15Q 139.2 222._

45.D 15._0 925*0 0°_133 154.8 248,4

50,0 17.1% 1030,Q 0.0120 170,k 2?_.4

55,0 18,_2 1130,0 0,0109 186.0 300°_

60.0 20.53 1230,a 0.0100 201,5 _26°3

65,0 22.2_ 13_0.0 _.0092_ 217,1 352.3

70.0 23.9W Iw40.O 0,0085T 232.? 378._

75,0 25.65 1540,0 0,00800 2_8.3 _0_._

60.0 2?,36 %64_-0 0.00750 263.9 _30.2

90.0 30.?8 1850.0 _.00662 295.1 _62.2

100,0 3_.20 2050.0 0.00600 326,2 53_,1

125.0 _2,?_ 2520.0 0,00480 _04,1 664.E

150.0 51,28 3030,0 0.00_00 W82,0 793°8

I25,0 59.82 3590.0 0,003_3 559,9 q23,E
200.0 68.3? _100-0 0,_0300 63?.8 1053,0

225.0 76,91 _62C.0 0.0C267 215.7 1183.0
250,0 85,45 5130.0 0.00_40 7_3.6 1313.0

2?5.0 93.99 56_0-0 0,0021_ 871.5 1_43.0

300,0 102,5 6150.0 0.0_200 9_9._ 1523,0

35D.0 119,6 2180.0 0.0Q171 1105.0 1832.0
WO0.O 136,7 8200°0 0,00150 1261.0 2092.0

_50.0 153,5 9230.0 0.00133 1_I?,0 Z_SZ.O

_00,0 120,9 10300.0 0.00120 15?3,Q 2611,D

600,0 205,0 12300°0 0°00100 188_.0 3131.D

700,0 239.2 14W00.0 0.00085? 2196.0 3650.0

80_.0 273,_ 16_GC.O 0,00C250 2507.0 _169,0

900.0 30?.5 13500,0 0,00066? 28110 _689.0

I000.0 3_1.? 20500.0 0.000600 3131.0 5208,0

1100°0 3?5.9 2260_,C 0._0C5_5 3_2,0 522?,0

1200,0 _10.0 2_600,0 Q.O00500 375_,0 62_7,0

13_,0 _,2 26700.0 0,000_6_ _065°0 2766.9

1400.0 _28,_ 26200o0 O.OQOk29 _377.0 ?285,0

1500,0 512.5 30800,0 0.000_00 4668.0 ?EO_,O

ISOTHERM

DERIVATIVE

CC-ATMIG

ENTROPY

J/G-K

1o964

2.360

2,778

2.982

6.993

9,515

1¢,28

10.92

11.04

11.15

11,26

11,32

%1.48

11.58

11.68

11°?8
11-8?

11.97
12.41

12.82

13.2C

1_,55

13.38

1_.18

I_.W?

1_.7_

15-25

15.21

16.13

16.52

16,89

17.22

17,5_

17.64

16.12

16.39

18.65

%8.89

19,12

19.34

19.52

19,76

20,15

20.51

20.8k
21o16

21,46

_1.7_

22.00

22,62

23.12

23,6E

2_.11

Zh°53

2_.91

25°_7

25.61

26._2

22,??

27,93

Z8.82

29°67

30*37

30.98

31.53

3_.02

32.k7

33-27

33.97

3k.58

35.12

]E.O?

36.87

37,57

38o18

38.?2

30.22

39.67

_O.O9

4C,83

CV

1.696

1.915

2.102

2,185

3.313

3°2_1

3.12k

3.1W2

3.138

3,135

3,132

3o129

3-127

3.125

3.1_3

3.121
3.120

3.119

3*115

3.113

3.112

3.112

3.113

3.113

3.113

3.114

3.115

3.115

3.116

3.116

3.112

3.112

3.117

3.112

3.117

3.112

3.112

3.112

3.117

3.112

3.117

3.112
3.117

3.117

3.112
3.117

3.117

3.11?

3.117

_.117

3,117

3.117

3.117

3.112

3*116

3.116

3.116

3.116

3.116

3.116

3.116

3,116

3.116

3,11_

3.112

3.116

3.116

3.116

3-116

3.116

3,116

3.116

3,116

3,116

3.116

3.112

3.116

3.116

3.112

3.116

3.116

J/G-K

CP

2.07q

2*369

3*674

3*514

7.716

6,90?

6,232

5.qlE

S-862

5.82T

$*291

5.758

5.729

5*701

5.676

5,653
5.632

5.613

5*534

5.42T

$.435

5.402

5.376

5.355

5.335

5.323

5.301

5.284

5,271

5*261

5.252

5,245

5,239

5-23_

5.23_

5.226

5.223

5.221

5.218

5,216

S.214

5.213

S.210
5,208

5.206

5.204

5.203

5,202

5,201

T.199

5.198

5.192

5.196

5,196

5,195

5-195

5.195

5.196

S,lq_

5.19_

5.193

5.193

5,193

5.193

5.153

5,193

5.193

5.193

5.193

5.193

5,193

5.193

5*193

5,153

5.193

5-193

5.193

5,193

5-193

5*193

5.193

VELOCITY
OF SOUNC

M/S

224.5

216*8
2@0.k

191*0

98,86

105.8

116,1

124*9

126-5

128*1

129.6

131,2

132.7

134.2

135,6

132.1
136*5

139.9

1_6*5

132-6

158.8

164*5

169-9

175._

180.3

_85,2

194.6

203.5

21Z.1

220.2

228.1

235.7

243.9

250-1

257*0

263.7

27Q.2

276.6

262*8

288.9

29_-9
300.7

312*0
323.0

333-6

343.8

353,?

363,_

372.6

395.4

416.7

432.0

456.k

_?S.O

_92,9

510.1

526°6

555.?

588.9

65_.3

721*0

7?8.7

832.4

882.9

930.E

976,0

IC19,0

1101.0

1122.0

1248.0

1316._

14_1.0

1557.0

166_,0

1265,0

1861.0

1951,C

2038,0

2121.0

2201*0

2279*0

_ TWO-PHASE 60UNDAR_
NUMBERS IN THIS COLUMN HAVE PEEN MULTIPLIEC BY THE INCICATED FACTO_

4O



0.6 _TNO$PHERE |50BAR

THERMOPHYS[CAL PROPERTIES OF HEL[UH 4

TEHPERATURE OENSITY VIOH/OV _ V(OP/OU_

O(G,K G/CC J/G ATH-CC/J

+e X 100

• Z.172 lk.7_

2.S lb.60 5Z.1 9.54

3.0 1_,2Z 36.9 lZ.6

3.5 13.66 30.r 1E.9

3.7Z$ 13.3Z 28.0 12.9
3.TZ3 1.0B5 1_.5 6.6_

• .0 0,9082 16.5 6.60

k.5 0.7019 19.8 6.72
5.0 0.6523 22,9 6.73

5.1 0,6359 23.5 6.73

5,2 0.620_ E_,I 6.73
5.3 0.6658 24.6 6.73

5,b 0.5319 2Y.2 6.73
S,5 0.5788 25.8 6.73

5.6 0.5562 26,; 6.73
5.7 0.5563 2r.0 6.73

5.8 0.5W29 27.6 6.73

5,9 0.5326 28.1 6.73

6,0 0.5216 28.7 6.73

6.5 0,_T55 31.B 6.7Z

T.| 0._374 34.3 6.71

7.5 0o405Z 37.1 6.71

8.0 0.3777 39*9 6,70

8.5 0,3538 4Z.6 6,09

9.0 0.3326 40.3 6,68

9.5 0.3143 40.G 6.68

10.0 0.237B 50.7 b.67

11.0 0.2696 56.1 0.66

12.0 0*2b84 61.b 6,66
13.0 0,2009 66,8 6,65

14.0 0.2103 72.1 6,6_

t5.0 0.1300 77.3 6.64

16,0 0.L036 82.6 6.63

17.0 0.1726 67.3 6.63

18.0 0.1629 93.2 6.63

19.0 0.1542 98.; 6,62

20.0 0.1465 104,C 6.62

21.0 0.1334 109.0 6.62

22.0 0.1331 114.0 6.6Z

73.0 0.1B72 119.0 6.61

74.0 0.1219 125.0 6.61

25.0 0.1170 130.D 6.61
26.0 0,1125 135.0 6.61

ZS,0 0.104_ 145,0 0.61

30.0 0.03745 166,0 6.60

32.0 0.09135 166.0 6.60

3_.0 0,00597 177._ 6.6G

36.0 0.08119 187.0 6.60

38.0 0.07691 198.0 6.60

_0.0 0.07307 208.0 6.60

_5.0 0.06496 234.0 6.59

50.0 0.058_6 260.0 6.59

55.0 0.00314 286,0 6.59

60.0 0.04072 312,0 6,59

65.0 0.04497 338.0 6.59

TO.O 0.06176 366.0 6.59

75,0 0.03098 390,0 6.59

00.0 0,03655 416.0 6.59

90.0 0.03249 468.0 6,59

100.0 0.02924 520.0 6.59

125.0 0.023k0 650.0 6.58

150.0 0.01950 779.0 6.58
175.0 0.01672 909.0 6.58

200.0 0.01463 1040.0 6.58

275.0 0*01300 1170.0 6.58

25000 0.011F0 1300.0 6,98
275,0 0,01064 1_30.0 6.90

300.0 0.009793 1560.0 6.50

350.0 0,008360 1020.0 6.58

• 00.0 0.007315 2080.0 6,58

450.0 0.006503 23_0._ 6.58

500.0 0.005853 2600,0 6.58

600.0 0.00k877 3120.0 6.58

700.0 0.004181 36_0.0 6.58

800.0 0,003658 _150.0 6.58

900.0 0.003252 _670.0 6.58

100000 0,0i2921 5190.0 6.56

1100.0 0+002661 5710,0 &o58

1200.0 0,002439 6230,0 6,58

1300.0 0.002251 6750.0 6.50

1_00.0 0.002090 7270.0 6._8
1500.0 0.001951 7790.0 6,58

-VIDP/OV _ (OV/OT)/V P

ATR I/OEG.K

6b.2 0.3399

52,9 _,06_7

37.1 0.1_0

29.8 0,125

0,42_ b.$31

0*467 C._1_

0,503 _,315

0,$3_ 0,259

0,537 0,250

0.5_0 Q.2_Z

0,5_3 0.235

d.S_6 0,220

0._3 0.272

0,551 G,210

0.554 b,210

0.556 0.265

_,550 0,2_0

0.560 0 • 196

O.56? 0.17_

0.5?3 0,159

0,578 _,1_6

0,581 0,135

_,58_ 0,126

0,586 _,118

0,_88 &.111

0.590 0.105

0,592 G.015

0,595 0.079_

0.596 0.073_
0.597 0,C679

0,598 0,0635

0,598 0.0596

0,599 G.0562

0.599 0.0531

_.600 0.050_

0.600 @,0_0_

0o660 0._57

0.600 0,0437

0.600 0.0419

0.600 0.0_02

U.000 0.0306

0,601 0,0358

0.601 U._33_

0.601 _,0313

0,6_1 0.6294

0.601 0.0270

d,6ul 0,¢263

0,6_1 0,025_

0._01 O,O222

0.6_1 0._200

0,601 0.0102
0,601 0.0167

0,601 0.01S4

0.601 G.61_3

0.601 0,_133

0,601 &.0125

G.601 0.0111

0.601 0.010_

0.600 0._0799
0.600 0.00666

0.600 0.06571

0.600 0.0_5@_

0.600 0.00_

0.5_0 &.O04_B

0.600 0.00364

0.6_ G._333

0.600 0.00206

0.600 O.O02Sd

0.600 0.002_2
0.600 0.0020_

0.600 0.0_167
0.600 U*_0143

0.600 @,0012_

0.600 0.00111

0.600 _.00100

_.66Q 0.000963

0.6@0 G.00U033

0.600 0.000769

0.6Q_ Q.00_71_
0.600 0.00066?

tHERMAL VISCOSITY THERMAL OIELFCTRIC PRANOTL

CONDUCTIVITY OIFFUSIVITY CONSTANT NUMBER

HW/_M-K G/CM-S SQ-CH/S

0._66 38.4 0.0035W8 1._5W93 &.481

_.109 35,4 _._00W_9 10C5133 Q.577

0.1_1 3W.1 _.&_G"_9 1.3533w 0.627

0,0881 10.5 0.00111 1.b]380 0.916

_.0912 11.1 5._C1_7 t.=13_ 0.8_0

0.0985 12.2 0,03216 1.C_27_ 0.772
0.1L6 13.3 _.0;276 1.5_2_Z 0.738

0.100 13.5 0,Gv209 1._3_]6 0.73_

0.1_9 13.7 ;.003.3 1._3230 0,729

0.111 13.9 0.6C316 1.0322_ 0.725

0.112 14,1 0.0E33C 1.;J_19 0.7ZZ

0.116 14.5 3.G0358 1.3_213 0.716

0.117 1_.7 _.00372 1,032_5 0,713

0.119 1_.9 0.U03_6 1.03_01 ;.711

0.122 15.3 _.G;_15 1._133 6.7C7

0.129 16.3 _,03_09 1.03176 _,699

J,136 17.2 0.03567 1._162 0.693

0.1_2 16.1 _.006_7 _.0_15_ G,690

3.1_9 19.0 ;.O;TZG 1.,.1_0 0.688

_.155 19,8 Q.46016 1.03131 5,687

0.161 _0.7 0.049_5 1,00123 0.686

0.167 Z1.5 G.011; 1,0Jl16 0.686

0.173 22.3 G._109 1.2311J 0.686

0.18_ 23*8 0._129 t.03160 0,687

_.19_ 25*3 ;,01_9 1.u;;_1 0.680
_.2_ _6.7 0._171 1.5)58_ 0,690

0._1_ 20.1 _.019_ I.L)_70 E.691

0.223 23.5 0,0217 1.93073 0,693

0.232 30.8 0.07_1 1.03_68 0.695

3.7_1 32.0 0.0267 1.v_064 0.696

3,250 33.3 _.0292 1.3_363 G.698

0.258 3_.5 0,032. 1._3057 0.693

0.266 35.7 _,03_8 1.0_05_ O.T&O

0.27_ 36,8 0.037E 1,03_52 0.701

_.282 37.9 O.O_]E 1.030_9 0.7_2

0,29_ 39.0 J.;_3E l.u3J_7 _.T£3

_.297 _0ol 3.0_67 1.030_5 O.TCk

0.312 _2.2 ;.053? I.C_Z 0.7G6

0.326 _.3 3._6_ 1,_39 G.707

0.340 46.2 0,067C 1.G_6_B 0.700

_.367 50.0 _.0821 1.G_332 0,7E9

Q.380 51.8 0.09_ 1.0_13_ 0.7E9

_.393 5].6 _.9983 1.0_28 0.7_3

0._06 55.3 3.107 1.0_027 0.709

0.437 59.5 0.129 _.OuOZ_ 0.7G8
0.467 63.5 0.15_ 1._22 0,7E7

0._96 67._ 0.100 1.0_3_0 0.706

0.529 71.1 0,E07 1._,_1_ 0.70_

0.553 74.7 0,236 1.33)17 _.7_2

0.580 78,2 0.267 1._1_ G.7_1

0.6Q7 01.6 0.300 1._001_ 0.693

0.633 85.0 3.33_ 1.J301_ _,697

0.605 9_.5 O.k_b I,C0_I_ _,B�k

0,735 97,7 0._8_ 1.¢5_11 &.691

0,855 111.0 _.70_ 1.J_9 _.673

0.969 1_5.3 _.956 1._07 &.670

1.08 130.0 1.Z_ 1.0_06 0.668

1.18 151,G 1.55 1.03005 0.667

1,26 tbW.[ 1.89 1._05 0,660

1.37 176._ 2.26 1._C_3W 0.6B7

1,W6 180._ 2.6; 1._uO3W 0*667

1.55 199.0 3,05 1._04 0,669

1*72 2Z_,0 3.96 1*030_3 0.668

1.89 2k3.0 W.97 1.0J003 0,668

Z,05 264,0 6.07 1,0]C_2 0,660

2.21 204.0 7.26 1._0002 0.0B8

2.$1 322.Q 9.90 1.00002 0.667
Z.8_ 359.0 12.9 1._J02 0.067

3,_7 39_.0 16,2 1.00001 0,667
],3w _20.0 19,0 1.03001 0.666

3.6{ W62,6 Z3,7 1,00001 0,666

3.85 _9_._ 27,9 1.30001 Q.666

4,16 575,0 32.3 1.00001 0,666

W.34 556.& 37,1 1,CJJ_I G,666

4,57 586,C W2,1 1.0_001 0,606
W.8_ 615,0 W7.4 1.90_1 0,666

, 3WO-_RASE BO_NDI_¥

+e NUNSERS IN Y_IS COLUHN HAVE BEEN MULTIPLIEC BY TME INCICATED FACTOR
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THERMOOYNAMIC PROPERTIES OF HELIUM 4

0.7 ATMOSPHERE ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHCRE INTERNAL ENTHALRY ENTROPY CV

CC/G DERIVATIVE DERIVATIVE ENERGY

OEG. K _" X .01 CC-ATM/G ATMIK JIG JIG JIG-K

* Z.171 0.06773

2.5 0.06840 459.Q 2.64 3,913 4°398 1.960 1.891

3.0 0.07018 378.0 3.43 4-979 5.477 2.354 1.914

3,5 G,07303 278.0 3.73 6,308 6.826 ?.769 2.105

3.868 0.07627 19g,0 3,74 7.538 8.079 3.109 2.234
3.866 0,8434 39.8 0.263 24.05 30.03 8.792 3.323

4.0 0.9042 45.4 0.243 2W,67 31.08 9.060 3.281

_.5 1.105 63.0 0.195 26.73 34.57 9.882 3.192

5.0 1.286 78.0 0.165 28.59 37.71 10.54 3,151

5,1 1.321 80.8 0.161 28°95 38,32 10.66 3.146

5°2 1°356 83.6 0.156 29.30 38.92 10,78 3,141

5°3 1.390 86,3 0.152 29.65 39.51 L0.89 3.137

5.4 1.424 89.0 0.149 30.00 40.10 11.01 3.134

5.5 1.458 91.7 0.145 30.35 40,69 11.11 3,131

5.6 1.491 94.3 Q.142 30.70 41.27 11.22 3.128

5°7 1.525 96.9 0.138 31.04 41-85 11.32 3-126

5.8 1.558 99.5 0.135 31.38 42.43 11.42 3.124

5.9 1.591 102.G 0.133 31.72 43.00 11.52 3.122

6,0 1.623 105.0 0.130 32.06 43.57 11.61 3.121

6°5 1.785 117-0 0.118 33.74 46.40 12.07 3.115

7.0 1.944 129.0 0.108 35.39 49.18 12.48 3,113
7.5 2.102 141.0 0.100 37.03 51.93 12.86 3.112

8.0 2.257 152.0 0.0926 38.65 54*66 13.21 3.112

8.5 2.412 164.0 0.0866 40.27 5?.37 13.54 3,112

9.0 2,565 175.0 0,0813 41.88 60.07 13.85 3,112

9.5 2.718 186.0 0.0767 43.48 62,76 14,14 3.113

10.0 2.870 197.0 0.0726 45.08 65.43 14.41 3.113

11.0 3.173 219.0 0.0656 48.26 70.76 lk.g2 3.114

12.0 3._73 240.0 0.0598 51.43 76.07 1_.38 3.115

13.0 3.773 262.0 0.0550 54.60 81,36 15.81 3,116

14.0 4.072 283,0 0.0509 57.75 86,64 16.20 3.116
15.0 4.370 304.0 0.0474 60.91 91,90 16.56 3.117

16,0 4.667 325.0 _.0444 64.06 97.16 16,90 3.117
17,0 4.96R 346.0 0.0417 67.20 102,4 17.22 3.117

18.0 5.260 367.0 0.0393 70,34 107.? 17.52 3.118

19,0 5.556 3#8,0 0,0372 73,48 112.9 17.80 3,118

20-0 5.852 409-0 0.0353 76.62 118.1 18.07 3.118

21.0 6.147 430.0 0.0336 79.76 123.4 18.33 3.118

22.0 6,442 451.0 0.0320 82.89 128,6 18.57 3.118

23.0 6,737 422.0 0.0306 86,02 133,8 18-80 3.118

24.0 7,032 _92.0 0.0293 89.15 139,0 19.02 3.118

25,0 7.325 513,0 0.0282 92,28 144.2 19.24 3.118

26.0 7.621 934.0 0.0271 95,41 149.5 19.44 3.118

28,0 8.209 575.0 0.0251 101.7 159.9 19.83 3.118

30,0 8.797 617.0 0.0234 107.9 170.3 20.t9 3.118

32,0 9,385 658.0 0-0219 114.2 180.7 20.52 3,117

34.0 9.97 699.0 0.0206 120.4 191.1 20.84 3.117

36.0 10.56 740.0 0.0195 126.7 201.6 21.14 3.117

38.0 11.15 782,0 9.0185 132.9 212.0 21.42 3-117

40.0 11.73 823.0 0.0175 139.1 222.4 21,68 3.117

45.0 13.20 926,0 0.0156 154.7 248.4 22.30 3.117

50.0 14.67 1030*0 1.01_0 170.3 274.4 22.84 3.117

55.0 16.13 1130.0 0.0127 185.9 300.4 23.34 3.117

60.0 17,60 1230.0 0.0117 201.5 326.4 2_.79 3,117

65.0 19.06 1340.0 0.0108 217.1 352.3 24.21 3.117

70.0 20.53 1_40.0 0,0100 232,7 378.3 24.59 3.117

75-0 21-g9 1540-0 0,0G934 248,3 404,3 24.95 3.117

80,0 23.46 1640.0 0.00075 263.9 430.3 25.29 3.116
90.0 26.39 1850.0 0.00778 295.1 _82.2 25.90 3,116

%00.0 29.32 2050.0 0.06700 326.2 534.2 26.45 3.116

125,0 36,64 2570.0 0,00560 4_4.1 664.0 27,61 3,116

150.0 43,96 3080.0 0,00467 482,0 793,8 28,55 3.116

175.0 51.28 3590.0 0.00400 559.9 923.7 29.35 3.116

200.0 58.60 4100.0 0.0&350 637.8 1054.0 30.05 3.116

225.0 65.93 4620.0 0,00311 715.7 1183.C 30.66 3.116

250,0 73,25 5130.0 0,00280 793.6 1313,0 31.20 3.116

275.0 80.57 5640.0 0.00255 871,5 1443.0 31.70 3.116
300.0 87.89 6150.0 0.00233 949.4 1573.0 32.15 3,116

350,0 102.5 7180,0 0.00200 1105.0 1832.0 32,95 3,116

400-0 117.2 8200-0 0.00175 1261-0 2092-0 33.65 3.116

450.0 131.8 9230.0 0,00156 1417.0 2352.0 34.26 3.116

500*0 146,5 10300.0 0.00140 1573.0 2611.0 3_,80 3.116

600.0 175,7 12300,0 0.00117 1884.0 3131.0 35,75 3.116

200.0 205,0 14400.0 0,00100 2196,0 3650.0 ]6,55 3.116

800.0 234.3 16400,0 0,000875 2507.0 4169.0 37.25 3,116

900.0 263.6 18500.0 0.000778 2819,0 4689.0 37.06 3.116

1000.0 292.9 20500.0 0.000700 3131.0 5208.0 38.40 3.116

1100.0 322.2 22600,0 0,000636 3442,0 5727.0 38,90 3.116

1200.0 351,5 24600,0 0.000583 3754,0 6247,0 39,35 3,116

1300,0 380,7 26700.0 0.00C530 _065.0 6766.0 39,77 3.11E

1400.0 410.0 28700.0 0.000500 4377.0 7285.0 40.15 3.116

1500,0 439,3 3_800,0 0.000467 4688.0 7004,0 _0,51 3,116

J/CoK

CP

2.870

2.300

3.054

3.834

8-153

7.580

6.534

6.089

6.030

5.977

5-930

5.887

5.848

5.813

5.781

5.752

5.725

8.700

5.601

5.531
5.479

5-440

5.409
5.383

5.363

5.345

5.319
5.299

5.284

S.272

5.262

5.25_
5.247

5.241

5-236

5.232

5,228

5.225

5-222

5.220

5.218

5.216

5.213

5.210

5.208

6.206

5.205

5.204

5.202

5.200

S-199

5.198

5.197

5,196

5.196

5.195

5.195
5.195

5.194

5.194

5.193

5.193

5.193

5.193

5.193

5.193

5.193
S.193

5.193

5.193

5.193

5.190

5.193

5.193

5.193

5.193

5.193

5.193

5.193

5.193

5.193

VELOCITY

OF SOUNC

M/S

225.8

218.2

202.2

186.1

99.41

103.1

114.3

123.6

125.3

122,0

128.6

130.2

131,7

133.3

134.8

136.2

137,7

139.1

145.g

152,3

158.4

164.2

169.2

175,0

180.1

185,1

194,5
203-5

212,1

220.2

228.1

235.?

243.0

250.?
257.1

263.8

270.3

276.7

282.9

289.0

29S*0

300.8

312.2

323.1

333.7

343.g

353.9

363.5

373.C

39S,5

416.8

437,1

456,5

47S.1

493.0

510,2

526.9

558,8

s8g.o

658,3

721.1

778.8

832,5

882.9

930.6

976.0

1019.0

1101.0
1177.0

1248.0

1316.0

1441.0

1557.0

1664,0

1765.0

1861,0

1551.0

2038,0

2121.0

2201.0

227g,0

TWO-PHASE BOUNOARY

_* NUMBERS IN THIS COLUHN HAVE BEEN MULTIPLIEE BY THE INOICATFD FACTOR
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THERHOPHYSICAL PROPERTIES OF HELIUM

0,1 ATHOSPHERE IS08AR

TEHPER&TURE OE_SITY VKDM/OV_ VIOP/OU) v -V(DP/OV) T KOV/DT_/V

DEG.K S/CC J/; ATH-CC/J _TM X/OEO, K

"" X 101

• 2.171 1_,7P
Z,5 1_,62 52.7 9.55 67,2 0,0393

3.0 1_.20 37,_ 12,6 53,8 0.0637

3.9 13.6_ 31.I 13.0 30.1 G.0981

3.856 13.11 26.0 12.8 26.1 0,1_3

* 3,866 1.166 14.6 6.66 0.k71 6.557

4._ 1.106 lS.7 6.69 0.502 0.483

4.5 0,9_8 19.Z 6.7k 0,520 0.3_1

5,0 0.777h 22.3 6.75 0.607 0.273

5.1 0.?_69 22.9 6.75 0.612 0,263

5.Z 0.73?6 23.6 6.75 0,617 0.25_

5.3 O.?L�k Z_,2 6.75 0.621 0.2k5

5*_ 0.7323 24.8 6.75 0.625 0.238

5,5 0,6160 25._ 6.75 0,629 0.231

5.6 0.6706 26.0 6.75 0.632 0.22_
5.7 0.6_59 26.0 6.75 0,636 0.218

5,8 0,6_20 27,1 6,75 0.639 0,212

5.9 0.6207 27.7 6.75 0,6_2 0,207

6.0 0.6160 25.3 6.75 0.644 0.201

6._ 0,5_02 31.E 6.74 0.655 _.180

7.0 0,51_3 34.0 6.73 0,663 0.163

T.5 0.k258 36.& 6.73 0.669 0,149

8.0 0,_30 39.6 6.72 0.6?4 0.137

8.5 0.41k6 42._ 6.71 0.678 0.128

9,0 0,3098 _5.1 6.70 0,681 0.119

9.5 0.3679 47.8 6,70 0.684 0.112

10,0 0.3_84 50.5 6,69 _,686 U,106

11.0 0.3152 55.9 6.68 0.689 0.0951

12,0 0.2879 61,3 6.67 0.692 0.0_65

13.0 0.2650 66,6 6.66 0.69_ 0.0793

14.0 0.2_56 12.0 6.65 0.695 0.0733

15.0 0.2288 ??.3 6.65 0.696 0._681

16.0 0.21k3 82.6 6.64 0.697 0.0636

17,0 0.2015 87.8 6.6W 0.698 0.0597

18.0 0.1901 93.1 6.63 0,698 0.0563

19,0 0.1500 98.b 6.63 0.699 0.0532

20.0 0.1709 10b.0 6.63 0,699 0.0505

21,0 0.i827 109.0 6.62 0.700 O.G_8b

22.0 0.1552 116.0 6,62 0.700 0.0_58

23,0 0.1804 119.0 6.62 0,700 0.0438

24.0 0.1W22 125.0 6,62 0.700 0.0419

25,0 0,1365 130.0 6.62 0.700 O,OkOZ

26.0 0.1312 135.0 6.61 0.701 0.0386

28.D 0.1218 165.0 6.61 0.701 0.0358

30,G 0.1137 156.0 6.61 0,7U1 0._334

32.0 0.1_66 166.0 6.61 0.701 0.0313

34.0 0.1003 1#7.0 6.60 0.701 0.0294

36.0 0.09k70 187,0 6.60 0.701 0.0278

38.0 0.08971 198.0 6.60 0.7_1 0.0263

_0.0 0.08522 208.0 6.60 0.701 0.0250

kS.0 0.07576 23_,0 6.60 0.701 0.0222

_0,0 0.0_818 260,0 6.59 0.701 0,0200

55.0 0.06199 286.0 6.59 0.701 0.0182

60.0 0.05683 312.0 6.59 0.701 0.0167

65,0 0.05246 338.0 6.59 0.701 _.0154

70.0 0.0_871 364.0 6.59 0.701 O.bik3

75.0 O.OkSkT 390.0 6.59 0.701 0.0133

80,0 0.0_263 416.0 6.59 0.701 0.0125

90,0 0,03790 468.0 6.59 0.?01 0.0111

100.0 0.03411 520.0 6.59 0.701 0.010_

125.0 0.02729 650.G 6.58 0.?01 0.00799

150.0 0.0Z275 780.0 6.58 0.700 0.00666

175.0 0.01950 909.0 6.58 0.700 0.00571

200.0 0,01706 1040.0 6.58 0.700 0.00500

2E5.0 0,01517 1170,0 6.58 0.700 0._0_44

250.0 0.01365 1300.0 6.58 0.700 0.00_0

275.0 0.01241 1,30.0 6.58 0.700 0.00363

3_0,0 0,01138 1560.0 6.58 0.700 0.00333

350.0 0.009753 1820.0 6,58 0.700 0,00286

_00.0 0.008534 2080.0 6.56 0,700 0.00250

450,0 0,00?586 23_0,0 6.58 0,700 0.00222

500.0 0.006826 2600.0 6,58 0.700 O,OQ20G

600.0 0.00_690 3120.0 6.58 0.700 0.00167

700.0 0.00_877 3660.0 6.58 0._00 0.00143

800.0 0.00_268 4160.0 6.56 0.700 0.00125

900.0 0.003?9_ k670._ 6.58 0.700 0.00111

1000,0 0.003414 5190.0 6.58 0.700 0.00100

1100.0 0,003104 5710.0 6.58 0.700 0.000909

1200.0 0.0028_5 6230.0 6,50 0.700 0.000833

1300.0 0.002626 6750.0 6.58 0.700 0.000769

1400.0 0.002_39 7270.0 6.58 0.700 0,00071_

1500.0 0.002276 7790.0 6.58 0,700 0.000667

THERMAL VISCOSITY THERBAL DIELECTRIC PRANOTL
CONDUCTIVITY OIFFUSIVITY CONSTANT NUMBER

MNICH-K GICM-S SQ-CHIS

_ X 100600_

0.167 38,7 0,00055_ 1.05502 0.481
0.180 3Z.9 0.000532 1.05360 0.50_

0._9 35,7 0.000453 1.051k8 0.575

0.193 33.5 0.000384 1,64926 0,66_

0.0920 11.0 0.000960 1.00_0 0,966

0.0937 11,3 0.00112 1,00_10 0.913

0.100 12.k 0,00169 1,00335 0.809

0.107 13._ 6.00227 1.00288 0,762

0.109 13.6 0.00238 1.G_280 0.755

0.110 13.8 0.00250 1.00273 0.750

0.112 1_.0 0,0_262 1.0_267 0.7k_

0,113 14.2 0,0027_ 1.00260 0.7_0

0.115 14._ 0.00286 1,_0254 0,735

0,116 1_.6 0,00298 1.00248 0.732

3.118 1_.8 0.00311 1.002W3 0,728

0,119 15.0 0.00323 1.0_238 0.725

3,121 15.2 0.00336 1.0_233 0,722

0.122 15._ 0,003_8 1._0228 0.719
0,129 16._ 0,00412 1,00207 0.709

0,136 17.3 0.00_70 1._0190 0.702

_.143 18,2 0.005_8 1,00176 0.697

0.149 19.1 0.00620 1.C016_ 0.694

0.156 19.9 0.00694 1.00154 0.692

0.162 20.8 0.00771 1.00144 0.691

0.168 21,6 0.00850 1.00136 0.690

0.173 22,4 0*00931 1.00129 0.689

0.184 23,9 0.011_ 1.00117 0.690

_.195 25.4 0.0128 1,0_107 0.691
0.205 26,8 0.0146 1.00398 0.692

_.21_ 28.2 0.0166 1.0;091 0.693

0.224 29,5 0.0186 1.00085 0.69k

0.233 30,8 0.0207 1.00079 0.696

0.2_2 32,1 0,0228 1.00075 0.697

0.250 33.3 0.0251 1.0_070 0.699
0.258 3_,5 0,0274 1.0_067 0.700

0,266 35,7 0.0298 1._0063 0.701

0.27_ 36.8 0.6323 1.0_60 0.702

0.282 38.0 0.03W8 1.00057 0.703

0.290 39,1 0.0374 1.00055 0.704

0.297 40.Z 0.0k01 1._53 0.706

0.305 41.2 0.0k28 1.0_051 0.705

0.312 _2,3 0.0W56 1.000_9 0.706

0.326 k_.3 0.051_ 1.00045 0.707

0.340 46.3 0,0575 1.@0042 0.708

0.354 48,2 _.0638 1.0_030 0.708

0.367 50,0 0,070_ 1.00_37 0.709

0.381 51,8 0.0772 1.00035 0.709

0.393 53.6 0.0843 1.00033 0.709

0._06 55.4 0,0916 1.00032 0,709

0.k37 59.5 0.111 1.00020 0.700

0._67 63,5 0,132 1.00025 0.707

0.k96 67.4 0.154 1.03023 0.706

0.525 71.1 0.17_ 1.0_021 0.704

0,553 7_,7 0,203 1.0_019 0.7_2

0.580 78.2 0.229 1.00010 0.701

0.607 81.6 0.2E7 1.00017 0.699

0.633 85.0 0.286 1.00016 0.697

0.685 92,5 0,348 1.C¢01W 0,694

0,735 97.7 0.415 1,00013 0.691

0.855 111,0 _,603 1,Q0010 Q.673

0,969 129.0 G.820 1.00008 0,670

1,08 138.0 1,06 1,0_037 0,668

L,18 151,0 1,33 1.0_006 0.667

1,28 16k,G 1.62 1.0_006 0,666

1.37 176.0 1.93 1.00005 0.667

1,46 188.0 2*27 1.00005 8,667

1.55 199.0 2.62 1,C_004 0.669

1,72 222.0 3.kO 1._000k 0,668

1,89 2_3,0 4.26 1,QOOD3 0,668

2,05 26Wo0 5,ZD 1.00003 0.668

2,21 284,0 6.22 1.00003 0,668
2.51 322,0 8.k9 1,00002 0,667

Z,80 359.0 11.G 1,00002 0.667

3.07 394,0 13.9 1.00002 0,667

3.39 428°0 16,9 1,0;001 0,666

3,60 462,0 20.3 1,00001 0,666

3,85 _9W,0 23.9 1.00001 0.666

_,10 525.0 27,7 1.0_01 0,666

_.34 556.0 31.8 1,00001 D.666

4,57 586.Q 36,1 1.00001 0,666

_,80 &15,0 40,6 1.00001 0,666

TWO-PHASE BOUNDARY

_" NUMBERS IN THIS CCLUMN HAVE BEEN MULTIPLIE_ BY THE INDICATED FACTOR
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THORMODYNAMIC PROPERTIES OF HELIUM ;

O,d ATMOSPHERE ISOBAR

TEMPERATURE VOLUHE I50CHORE INTERNAL ENTHALPY

CC/5 OERIVATIVE ENERGY

OEG, K _ X ,01 ATMIK JIG JIG

2.170 0.06763

2.5 0.06329 W65.0 2.8; 3.903 ;.;57

3.0 0.07005 38;.0 3.;W _.963 5.531

3,5 0.0?204 28;,0 3-75 6.201 6.871

3.995 0.077h? 11?.0 3.72 8.000 8.628

3.995 0.7411 37,9 0.301 2;.11 30.12
h.O 0.7433 38.2 0.300 2h.lh 30.16

;-5 0.9346 58,1 0.232 26-3? 33.95

5.0 1.100 Zh,2 0,195 28.31 37.23

5.1 1.132 27,1 0,18q 28.68 37.85

5.2 1.163 80,0 0.183 29.0h 38.;7

5.3 1.194 82.9 0.128 29.;0 39.08

5.4 1.224 05.7 0.17; 29.76 35.69

5.5 1.255 88.5 0.160 30.17 40.29

5.6 1,285 91.2 C.165 30.h? ;0.08

5.F 1.31h 93.9 0.161 30.82 ;1.h8

5.8 1.34_ 96-6 0.15_ 31.17 _2-06

5.9 1.373 95.2 0.15h 31.51 ;2.65

6.0 1.403 102,0 0.151 31.86 43.23

E.5 1.5_t 115,0 0.13E 33.56 46.09

7.0 1.688 127.0 0.125 35.23 _8.91

?.5 1.827 139.0 0.115 ]6.00 51.68

8,0 1.96_ 150.0 0.107 30.51 5;.h3

8.5 2.101 162.0 0.100 h0.1h 57,16

9.0 2.ZS6 173.0 0.0935 ;1.T5 59.88

9.5 2.370 185.0 0.0881 h3.3_ 62._8

10.0 2.504 156.0 0.0833 ;h.97 65.27

11,0 2.770 218.0 0.07_2 h8.16 70.61

12.0 3.03; 239.0 0.0686 51.3h ?5.qh

13.0 3.297 261.0 0.0631 5;.51 01.2h

lh.O 3.559 282.0 0.058_ 5?.68 86.5]

15.0 3.821 30h.0 0.0543 60.8h 91.80

16.0 4.081 325.0 0.C508 63.99 97._7

17.0 _.3;I 3_6.0 0.0_77 67,1h 102.3

18.0 ;.601 367.0 0.0450 ?0.28 107.6

19.0 ;.861 388.0 0.0426 73.43 !12,8

20.0 5.120 _09.0 0.0;0h 76.57 118.1

21.0 5.378 430.0 0.038; 79.71 123.3

22.0 5.63? 451.0 O.OSE7 82.8h 128.5

23.0 5.895 ;r2.0 0.03_0 85.98 133.8

2;.0 6.153 ;92.0 0.0336 89,11 139.0

25.0 6.411 513.0 0.0322 92.2; 144.2

26.0 6.669 53;.0 0.C209 95.37 149.h

28.0 7.10_ 575.0 0.02_7 101,6 1_9.g

30.0 7.699 617.0 0.0268 107.9 170.3

32,0 8.213 658.0 0.0251 11h.1 180.2

3;.0 8.228 699.0 0.0236 i20.h 191.1

36.0 9.2_2 ?;1.0 0.0223 126.6 201._

38.0 9.756 782.0 0.0211 132-9 212.0

;0.0 10,27 823.0 0.0200 139.1 222.h

_5.0 11,55 926.0 0,0178 15_.7 2_8.h

50,0 12.8_ 1030.0 0.0160 170,3 27;._

55.0 1_-12 1130.0 0.01_6 185.9 300.4

6¢.0 15.40 1230.0 0.0133 201.5 326._

6_.0 16,60 13;0,0 0.0123 217.1 3_2.h

70.0 17.97 14;0.0 0.011; 232.? 378.3

75.0 19.25 1540,0 _.0107 2;8.3 40h.]

80.0 20.53 16;0.0 0.0100 263,9 ;30.3
90.0 23.09 1850.0 0.00889 295,1 ;82.2

100.0 25.66 2050.0 0.00800 326.2 534.2

125.0 32.06 2570.0 0.006;0 hO;,1 664.0

150.0 38._7 3080.0 0.00533 ;02.0 793.9

175.0 ;h.88 3590.0 0.00;57 559.9 923.?

200-0 51.28 4110.0 O-OOWOD 637,8 1054._

225.0 52.69 4620.0 0.00356 715.7 1183,0

250.0 6h,09 5130.0 0.00320 793.6 1313.0

275.0 70,50 56h0.0 0.00291 871.5 2;;3.0

300,0 76.91 6150.0 0.00262 949._ 1523.0

350.0 89.72 7100,0 0.00229 1105.0 1833.0

hO0.O 102.5 8200.0 0,00200 1261.0 2092,0

h50.0 11_.3 9230.0 0.00178 1417.0 2352.0

500.0 128.2 10300.0 0.00160 1573.0 2211.0

6GO,O 153.8 12300.0 0.00133 188h-0 3131.0

700.0 179.h 14h00.0 0.C011_ 2196.0 3650.0

800.0 205.0 16h00.0 0.00100 _507.0 h169.0

900.0 230.7 18500.0 0.000889 2819.0 ;689.0

lO00,0 256.3 2050G.0 0.000800 3131.0 5208.0

1100.0 281.9 22600.0 0.000?27 34;2,0 5?27.0
1200.0 307.5 2_600.0 0,_0C667 375_.0 62W?.0

1300.0 333.2 26700.0 0.000615 ;065.0 6?66.0

1;00.0 358.8 _8700.0 0.000571 ;377.0 7285.0

1500.0 38;._ 30000,0 0.000533 h680.0 ?BOh. O

ISOTHERM

DERIVATIVE

CC-ATN/G

ENTROPY

J/G-K

1.95_

2.3;8

2.761

3.229

8.610

8.621

9.515

10.21

10.33

1C.h5

10.57

10.68

10.79

10.90

tl,O0

11.10

11.20

11.30

II.76

12.18

12.56

12.92

13.25

13.56

13.85

lh.13

ih.6h

15.10

15.52

15.91

16.28

16.62
16.9;

17.Zh

1?.52

17.79

18.05

18.29

18.57

18.7h

18.96

19.16
19.55

19.91

2C.2h

20.56

20._6

21.1;

21.hl

22.02

22.57

23,06

23.51
23.93

2;.32

2;.62

25.01

25.62

26.17

27.33

70.27

25.08

29.27

30.38

30.93

31.42

]1.87

32.67

33.37

33.90

3_.53

35._7

SE.27

32.97

37.58

38.13

18.62

35.07

39.h9

39.87

_0.23

GV

1,885

1.912

2.103

2.280

3,332

3.330

3.212

3.160

3,11;

3.1;8

3.1;3

3.139

3.135

3.132

3.129

3.127

3.125

_.123

3,116

3.113

3.112

3.112

3.112

_.117

3.113

3.113

3.11;

3.115

3.116

3.112

3.112

3.117

3.118

3.118

3.118

3.118

3.118

3.118

3,118

3.118

3.118

3.118

3.118
3.118

3.118

3.118

3,118

3,112

3.112

3.117

3.117

3.11T

3.117

3.117
3.117

3.127

3.117

3.116

3-116

3,116

3.116

3-116

3.116

3.116

3,116

3-116

3.116

3.116

3.116

3.116

3.116

3.116

3.216

3.116

3.116

3.116

3.116

3,116

3.116

3.116

3.116

J/GoK

CP

2._62

2.371

3.O3k

h.180

8.632

8.600

6.905

6.292

6.21;

6.1h5

6.00;

6.029

5,980

5.935

5.895

5.858

5.825

5. 79k

5.673

5.588

$.526

5.;79

5.k;2

5.;12

5.388

5.328

5.338

5.315

5.29?

5.203

5.272

5.263

5.255

5.2h8

5.2h2

5.238

5.233

5.230

5.227

5.226

5.221
5.219

5.216

5.213

5.210

5.208

5.206

5.205

5.20;

5.201

5.200

5.198

5.197
5.197

5.196

5.196

5.195

5.1_5

5.19;

5.194

5.19;

5.193

5,193

9.193

9,193

9.193

5.193

5.193

5,193

5.193

5.193

5.193

5.193

9.193

0.193

5.193

9,193

5.193

5-193

5.193

5,193

VELOCITY

OF 50UNC

227.0

219.5

203.9

181,;

9q.8
99.q

112,5

122,3
12;.I

125.8

122.5

12_ol

130,8

132.3

133,q

135.;

136._

138,3

1;9,3

151.8

158.0

163,8

169.;

12;,8

129.9

18;.q

19;.;

203.5

212.0

220.3

728.2
235,8

2;3,1

250.2

257,1

263.9

270.;

276.8

283,C

289.1

795.1
300.9

312.3

323.2

333,8

3;;.1

35h,0

363.?

373.1

395.6

;17.0

_32.2

;56.6
;75.2

h93.1

910.3

527.0

558.9

589.1

658.;

721.1
778.8

832.5

883,0

930,?

976.2

1019,C

1101,0

1177,0

12_8.8

1316.C

lh41.0

1952,0

166;,0

1265.0

1861.0

1951.0

2038.O

2121.0

ZZO2,O

2279,0

• TWO-PHASE eOUNDARY

• _ NUMBERS IN THIS COLUMN HAVE BEEN MULTIPLIED BY THE INOICBTED FACTOR
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006 &THOSPHERE ISOBAR

THERHOPMY$ZCAL PROPERT|ES OF HELIUHk

TEHPERATUR( _HSXTY V(DH/DV_ VIDP/DU) v -VIDP/OV) T |OV/OT)_V

OEG, K G/CC J/_ ATH-CC/J ATH liOEG, K

e+ X 100

Z,17@ 16,79

Z,S 16.64 53,2 9,56 68.1 0,0300

3.0 16.28 37.B 12.6 54.8 0.0627

3.9 13.73 31.6 13.0 39.5 0.0960

• 3.999 12.91 25.7 12.6 22.9 0.163

+ 3,999 1.349 14.7 6,69 0,51Z 0.587

6,0 1,349 14,7 6,69 0,514 6,584

4.8 1.070 18.S 6.75 0.62Z 0,373

B.0 0.9088 21.0 6.77 0.676 0.289

5.1 0.6035 22.4 6.70 0.681 0.277

8.2 0.8598 23.1 6.76 0.688 5.26?

5.3 0.8176 23.7 6.78 0.694 C,257

9,4 0.8167 2_03 6.70 0,700 0,250

B,$ 0.7970 25.9 6.78 0.708 0.250

9.6 007786 2905 6.78 0.710 0.233

S.7 0.7508 26.1 6.76 d.715 0,226

900 0.7440 26,7 6.78 0,719 0,219

5.9 0.7281 27.3 6.77 0.722 0.213

6,0 0.7129 2700 6,77 0,726 0,208
E.S 0.6066 30.8 6.77 0.741 0.18_

7.0 0.9925 33.7 6.76 0,751 0.165

7,5 0.5476 36.5 6.75 0,760 0,151

0.0 0.S091 39.3 6.74 0.766 6.139

0.5 0.6751 62.1 6.73 0.771 0.129

9.0 0.4673 44.9 6.72 0.775 0.121

900 0.4229 47.6 6.71 0.779 0.113

10.0 0*3094 50.3 6,70 0,782 0.107

11,0 0.3610 55.6 6.59 0.786 0,6957

12o0 0.3296 61.Z 6.66 0,789 0,0869

13.0 003033 66.5 6.67 0,792 0.0796

14.0 002610 7100 6.67 0.794 0,0?35

19.0 0.2617 77.Z 6.66 0,795 0.0683

16.0 0.2k80 8200 6.65 0.796 0.0638

17.0 002303 87.8 6,65 0.797 0,0599

10.0 0.2173 93*0 6.64 0.798 0.0564

19.0 0.2057 98.3 6.64 0.799 0.0533

20.0 001953 104.0 6.63 0.799 0.0506

21.0 0.1899 109*6 6.63 0,000 0.0_81

2200 001774 114.0 6.63 0.600 0,0558

23.0 0.1696 11900 6.63 0.8JO 0.0638

24.0 0.1629 12500 6.62 0,800 0.0419

2501 0.1560 130.0 6,62 0.811 0.0502

26.0 0.1000 135.0 6,62 0.801 0.0386

20.0 002392 14600 6.62 0.801 0.0356

3000 0.1299 156.0 6.61 0,801 0.0334

3Z.I 0.1216 166.0 6o61 0.001 0.0313

36.0 0.1146 177.0 6.61 0,801 0.0295

36.0 0.2002 107.0 6.61 0.801 0,0278

30.0 0.1029 198.0 6,60 0.801 0.0263
50.0 0.00738 204.0 6.60 0.801 0.0250

45,0 0,08596 236.0 6.65 0.801 0.0222

8000 0.07790 260,0 6.60 0,601 0,0200

S9.0 0.07088 Z66.0 6.60 0,601 0,_182

00.0 0.06493 312,0 6.59 0.801 0.0167

6§.0 0.099q4 338,0 6,59 0,8_1 0,0155

70.0 0.05566 364.0 6,99 0.801 0,0143

75.0 0.0S19S 390,0 6,59 0,801 0,0133

80o0 0.04671 4t6.1 6.59 0,801 0,0125

900| 0.05330 566.0 6.99 00801 0.0111

100.0 0,03698 S20.O 6.59 0,801 0.0100

129.0 0.03129 590.0 6.59 0.801 0.00799

150,0 0.0ZB99 760.0 6.58 0,801 0.00666

175.1 0.02228 909.0 6.98 0.801 0.00571

200*0 0001980 1060.0 6o58 0.800 _.00500

225.0 0.02733 1170.0 6.98 0.800 0,00544

25000 0*02960 1300,0 6.98 0.800 0,00_00

279.0 0.01418 1430,0 6.96 0.800 0.00363

300.0 0.02300 1960,0 6.80 0.000 0.0U333

350.0 0002115 16Z0,0 6.98 0,800 0,00286

400.0 |,009793 2080.0 6.90 0.800 0.00250

450.0 0.0006?_ 2340.0 6,80 0,000 0.00222

900.0 0,007803 2600.0 6.96 0.000 0.00200

600.0 0.006203 3120.0 6.50 0.000 0.00167

700.0 0000557_ 3640.0 6.58 0.800 0,00143

800.0 00004077 4260.0 6.98 0,000 0,00125

900.0 00004335 4670.1 6.56 0,800 0.00111

1000.0 0,003902 8190.1 6,58 0,800 0.00100

1100.0 0.003547 9710.0 6.50 0,800 0,000909

1200.0 0.003292 6230.0 6.50 0,0d0 0.00_833

1300.0 0.003002 6790.0 6.58 0,000 0,000769

1400.0 0.002707 727000 6.50 0,000 0.000710

1001*0 0,002601 7790.0 6.58 0,800 0,00066?

THERMAL VISCOSITY THERMAL DIELECTRIC PRANCTL

CONDUCTIVITY DIFFUSIVIT¥ CONSTANT NUMBER

MW/CM-K G/CM-S SQ*CH/S

+_ X I0_10_)

_,167 38.9 C*0_553 1._5911 b.M01

0.181 30.1 G,06_53_ 1,15371 G.500

3,190 35,9 u*Od_56 1.05167 0.574

0,195 32.9 6.06_361 1,65658 0.700

0,0973 11,5 0,6L_035 1,;+5_; 1.02

J,0973 11.5 0,0_8_1 1,0_499 1,02

0.102 12.5 G.001_7 1._J397 0.853

0,1L0 13.6 0.00191 1,0_337 0,780

0.11J 13,6 _,0_2_ 1,E_327 0,78_

0,111 15.0 0.06211 1,C0319 0,772

0,113 1_.2 6,00221 1.(_316 0.765

0.114 15,_ 0.00232 1,0_3_3 0.759

0,116 15,0 0,002_3 1._295 0.753

0,117 15,6 0,002_5 1*0_286 0,759

0,119 15.0 O*002Ek 1,0_262 C.755

0_120 15,2 0,60275 1,D_ZTE 0.750

0,122 15.5 0.01Z87 1.6_273 0,736

0,123 15.5 0.0_298 1,C_36_ 0,733

0,130 16,5 _._u355 1,[:_ 0,71_

0.137 17._ 0.00_13 1,_19 0,710

0.1_5 10.3 0,00475 1,00303 0*7£5

0,250 19,2 6,_Q538 1,6.189 0.7_0

0,156 20,C 0,006[3 1,G_176 0,697

0.162 20.8 0.0Q67_ 1.0_166 0.695

0,168 21,6 6,00739 1.:_156 G.69_
0,175 22,5 0.00811 1.0u1_8 0,693

_,185 24.0 0.00968 1.0613_ 0.693

0.195 25,5 0.0111 1,b;122 0.693

0,205 26.9 0.G128 1.0_112 0,69_

0,Z15 26,2 0,0155 1.0010M 0,695

0.224 29,6 0,0162 1,0_097 0,696

0.233 30,9 0.0181 1,0_091 0.697

0,242 32.1 0,02_C 1,0_385 0,698

0.250 33,4 0.021_ 1,03080 0.700

0,259 34,6 0,024_ 1,0_376 0,711

3,267 35,7 0,0261 1,C_.73 O,T_Z

0,275 36.9 0,0282 1._3069 0.703

0.283 38.0 0,031_ 1.0_066 0,705

0,290 39,1 0.13Z7 1,60563 0,704

0,298 50.2 _.0351 1.D_166 u.715

0.30_ 41,2 0.0375 1._58 G*706

0.312 _2,3 C,0399 1,_0_56 0,706

0.327 54.3 0.055_ 1,00052 0,707

0.341 _6.3 0,0503 1.00_48 0*758

0.3_5 _8.2 0,0559 1.000_5 0*709

0*368 50,1 0,0616 1.0_052 0*759

6.381 51.9 0,06?6 1.060_0 0.759

0,39_ $3.6 0,0738 1.0_038 0*709

0,406 55,4 0*0802 1,66036 0.709

0,437 59.6 _,_971 1.01032 0*?08

0,467 63.6 6.115 1.u_029 0,767

0,497 67.5 0,135 1.C_Z6 0.7_6

0*525 71,1 0,186 1,03925 0,?04
0,593 74.7 U.178 1,03_32 0.?02

0.580 78.Z 0,201 1,00_21 0.701

0,60? 81,7 0.225 1,00019 0,699

0,635 85,_ C.250 1,0_18 0.69?

0,685 91.S 0*305 1.Q0016 0*695

0,735 97.0 0*363 1.0J_1_ 0,691

0*855 111.0 0*928 1*00_12 0,673
0,969 129.0 C.718 1.0J_10 0.670

1,08 136.0 0*930 1,0_008 0*660

1,18 151,0 1.16 1.06007 5.66?

1,28 164.5 1.42 1.00006 0,666

1,37 176.0 1.69 1,0_u06 0.667

1,56 180,0 1.98 1,00065 0,667

1,$5 199,0 2,29 1,00065 0,669

1,72 222,0 2.97 1,Q000_ 0,668

1,89 243*0 3,73 1,000_4 0.668

2,05 264.0 W.55 1,00603 0,668

Z,21 284.0 5,55 1,06003 0.668

2,$1 322,_ 7.03 1,00002 0,667
2.80 359,0 9.66 1,001C2 0,667

3,07 395*0 12,1 1,G_002 0,667

3.34 628*0 1_.8 1.00_02 0.666

3.6& 462,0 17,8 1,00001 0,666

3,85 _94,0 Z0.9 1.0_001 0,666
5.10 528.0 24,3 1,00601 0,666

4.34 956.0 27.8 1.6_1 0*066

4,57 $06,0 31,6 1,00031 5,666
_,80 615,0 35.5 1,0_001 0*666

_ TWC_PHA$£ BOUNDARY
NU_(RS IN THIS COLUNN HAVE D(EH RULTIPLIE 0 BY THE INDICATED FACTOR
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THERMODYNAMIC PROPERTIES OF HELIUM 4

0.9 ATMOSPHERE ISOBAR

TEMPERATURE VCLUHE

CC/G

OEG. K _e X .01

* 2-169 0.06754

2,5 0.06819 471,0 2,64 3.894 N.516

3,0 0,06991 390,0 3,44 _,9_7 5.58k

3,5 0.07265 291.0 3.77 6.295 6.917

4.0 0.0??20 183,0 3.75 7,971 8,675

• 4.11_ 0.07072 157,0 3,69 8,453 9.171

• 4.114 0,6593 36.0 O,_C 24.14 30o15

_.5 0.7998 52.8 0.27q $5.98 33.28

5.0 0.$547 70,1 0.226 28,01 36.?2

5.1 0.9838 73.3 0,219 28.40 37.37

5,2 1.012 76.4 0,212 28,?7 38.01

5-3 1.041 79.4 0.206 29,15 38,64

5._ 1.059 82.3 0,200 29.51 39.26

5.5 1.096 85,2 0,195 29.88 39.87

5,6 1,12_ 88.0 0.190 30.?_ 40.40

5,7 1,151 90,9 0,185 30.59 41.09

5.8 1,178 93,6 0,101 30,95 41.69

5,9 1.204 96,3 0.177 31.30 42,25

6°0 1.231 99-0 0.173 31.65 42.87

6,5 1,361 112.0 0.155 33,37 45,70

7.0 1.488 %25.0 0,142 35.06 _8,63

7.5 1,61_ L37.0 0.131 36,72 51.43

8.0 1.736 1_9,0 0,121 38,3? 5No21

0.5 1,058 160.0 0.113 40.01 56,95

9,0 1.979 172.0 0.106 _1,63 59,68

9°5 2o100 t83.0 0,100 43.25 62.40

10,0 2.219 195,0 0,09_2 44,86 65.10

11.0 2.457 2t7.0 0,0850 48.06 70,_7
12.0 2.692 239.0 0.0775 51.25 75.81

13°0 S,927 260.0 0.0712 54._3 81.12

14,0 3.161 28?,0 0,06_8 57.60 86.42

15,0 3,393 303.0 0.0613 60.76 91.71

16.0 3,625 325.0 0,0573 63.92 96.99
17.0 3,857 346,0 0.0530 67,08 102,3

18,0 4.089 367.0 0,0507 70.23 107,5

19o0 _.320 388.0 0.0480 73.37 112.8

20.0 4,550 409.0 0.0455 76.52 118,0

21.0 4,780 430.0 0,0_33 79.66 123,2

22.0 5,010 451.0 0,0413 02.79 128,5

23-0 5.240 422.0 0.0395 85-93 133,7

24.0 5.N70 4_3.0 0.0378 89.07 138.9

25.0 5.699 513.0 0,0363 92.20 144.2

26.0 5,929 534.0 0.0348 95.33 149.4

28,0 6.387 576.0 0,0323 101,6 159,8

30.0 6.845 617.0 0,0301 107,9 170,3

32.0 7.302 658,0 0.0282 114.1 180.7

3k,O 7,760 700,0 0-0266 120.4 191.1

36.0 8,217 7_1,0 0,0251 126.6 201.5

38,0 8.67_ 782.0 0,0937 132.9 212.0

NO.O 9,13_ 823.0 0,0226 139,1 222._

45.0 10.27 926.0 0,0200 15N.7 248.4

50,0 11.41 1030.0 0,0180 170.3 274.4

55,0 12.$5 1130.0 0,0164 185.9 300._

60.0 13,69 %230°0 0,0150 201.5 326.4

65.0 14.03 13_0.0 0.0139 217.1 35?,4

70,0 15.07 14_0,0 0,0129 239.7 378,4

75.0 17.11 1540,0 0.0120 248,3 kO_.3

80,0 18.25 1650-0 0,0113 263-9 430.3

90.0 20.53 1850,0 0.0100 295,0 482,3

10_.0 22.51 2060.0 0.00900 326.2 534,2

125.0 2_.$0 2570.0 0.00720 404,1 664.1

15&-0 3N.20 3080.0 0,00600 482,0 793,9

175,0 39.69 3590.0 0.00514 559,9 923,7

200,0 45,59 4110.0 0.00450 637,8 lO$k.O

225.0 51.20 4620.0 OoOO&O0 715.7 1183.0

250-0 56.90 5130.0 0.00360 793.6 1313.0

275.0 62,67 56_0.0 0.00327 871.5 1443,0

300.0 68.37 6160.0 0-00300 949.4 1573.0

350.0 79.75 7180.0 0,_0257 1105.0 1833.0

400,0 91,14 8210.0 0,00225 1261.0 S092,0

450,0 102.5 9230,0 0.00200 1417.0 2352,0

900.0 113.9 10300.0 0.00180 15_3.0 2611.0

600.0 136.7 12300.0 0.00150 108_,0 3131.0

700.0 159.5 14400.0 0.00129 2196o0 3650.0

BO0.O 182.3 16_00.0 0.00112 2507.0 _169-0

900,0 205.0 18500.0 0.00100 2819,0 N689,0

1000,0 227.0 2U500.0 0.000900 3131,0 5208,0
1100.0 250,6 22600,0 0.000810 3442.0 5727,0

1200.0 278._ 2_6_0.0 0.000750 375_.0 0247.0

1300,0 296,% 26700.0 0.00C692 _065,0 6766.0

1400°0 310,_ 20700.0 0,000643 4377.0 7285,0

1500,0 34%.7 30800,0 0.000600 _608.0 7805.0

ISOTHERM ISCCHDRE INTERNAL ENTH_LPY ENTROPY

DERIVATIVE DERIVATIVE _NERGY

CC-ATH/G ATM/K JIG JIG JIG-K

1,952

2.343

2,753

3.221

3,34_
8,443

9,171

9.898
10.03

10-15
10,27

I0.39

I0,50

10,61

10.22

10,82

10,92

11-02

11.49

11.91
12.30

12,65

12.99

13.30

13,59

13.87

14,38

14.85

15.27

15.66

%6.03

16o37

16.69

%E.99

17.27

17,5_

17,80

%8,0_

10,27

10,50

18,71

10-92

10.30

19o66

20.00

20-31

20.81

20.09

21.16

21.77

22.32

22,82

23.27

23°69
2_.07

2_.43

Z_.76

25,38

25*92

27.08

28°0_

28°03

29,52

30.1_

30,68

31.18

31.63
32,_

33,12

33.74

34,28

35.23

36,03

36.72

_7,33

]7.88

38,38

38,83

39,2_

39.63

39.99

CV

JIG-K

CP VELOCITY

OF SOUND

MIS

1.879 2.053 228,3

1.911 2,363 220°9

2.101 3*014 205,5

2,270 _,133 183,_

2,32_ _.558 176,7
3.3N0 9°168 100-0

3.235 7.377 110.5

3,171 6.527 120,9
3.163 6. k75 122.8

3.156 6.336 124.6

3.150 6.257 126.4

3,145 6.187 128.1

3.141 6,125 129.7

3.137 6.870 131.k

3,133 6.019 133.0

3.130 5.974 13_.5

3.127 5.933 136.1

3,125 5.895 137.6

3.117 5°7_8 lqq,7

3,113 5.647 151.4

3-112 5-574 157.6

3.111 5.519 163.5

3,111 5.476 169.1

3.112 5°6_2 174.5

3.112 5.41k 179o7

3,113 5°391 18W.8

3.114 5.356 19W,4

3.115 5o331 203°_

3.116 5,311 212.0

3,117 5.295 220.3

3.117 5.282 228.2

3,118 5o271 235,8

3.118 5,263 243,2

3.118 5.255 250.3

3.108 5o2k9 257.2

3,118 5,2h3 266,0

3,118 5,239 270.5

3,118 5.234 2T6.9

3,118 5.231 283,1

3,118 5.228 289.2

3.118 5.225 295.2

3.118 5.223 301,0

3.118 5.218 312.k

3.118 5.215 323,3

3.118 5.212 333.9

3.110 5,210 34b,2

3.118 5.208 354,1

3.118 5.206 363.8

3.118 5.205 373.2

3,117 5.202 395.8

3,117 5.200 417,1

3,117 5°199 k3_.k

3.117 5-198 4_6.7

3,117 5,197 N75,3
3,117 5.197 493,2

3,117 5.196 510,_

3.117 5.196 527.1

3.117 5.199 55%0

3,116 5.195 589,1

3.116 5.19_ 658.5

3.116 5.194 721,2

3.116 5,193 270,9

3,116 5.193 832.6

3-116 5.193 083.0

3.116 5,193 030.7

3.116 9.193 _76-1

3,116 5.193 1019.0
3,116 5.193 1101.0

3.116 5.193 1177,0

3-116 0.193 1248.0

3.116 5.193 1316.0

3.116 5,193 1_N1.0

3.116 5.193 1557.0

3-116 5.193 1664.0

3*116 5.193 1765.0

3.116 5.193 1861.0

3.116 9.193 1951.0

3.116 5,1_3 2038.0

3.116 5,193 2121.0

3.116 5.193 2202.0

3.116 5o193 2279-0

TWO-PHASE BOUNDARY
_• NUMBERS IN THIS COLUMN NAVE SEEN MULTIPLIEC BY THE INDICATED FACTOR



TMERHOPNYSICALPROPERTIESOEHELIUMW0,9ATMOSPHEREISOBAR
TEMPERATURE DENSITY ViOM/OV} V(DPIDU|

p v

DEG. K G/CC J/G ATM-CC/J

_' X 100

• 2.169 1W,81

2.5 IW.66 $3.7 9.57

3.0 1_.30 38.3 12,6

3.5 1S.77 32.6 13.3

W.O 12.95 26.1 12.7

" _,11W 12.70 2_.? 12.5

W.11W 1.$17 16.1 6.72

W.S 1.Z50 11.8 6.77

S.Q 1.0N7 21.2 6.80

5.1 i.OIb 21.0 6.80

S.2 0.9577 Z2.5 6.80

5.3 0.9509 23,Z 6.8_

5.6 0.9358 23.8 6.80

5.5 0,9122 2_._ 6.80

5,6 0,8300 25.1 6.80

5.7 0,8596 25.7 6.80

5.8 0.8_9Z 26.3 6.80

5.g 0.830_ 26,9 6.80

6.0 0,8125 27.5 6,8J

6.5 0,70W8 30._ 6.79

7.6 6,6720 33.6 6,78

7.5 6.6206 36.2 6,77

8,0 0,5759 39,1 6.76

8.5 6.5381 _1.9 6.75

9.5 0,N763 _T._ 6,73

10.0 0.6_06 50.0 6.72

11.0 0.6071 55.6 6.71

12.0 0.071k 61,0 6.69

13.0 0,0616 66.6 6.60

16.0 0.016_ 71,7 6.68

15.0 0.2067 77.1 6.6?

16.0 0.27S8 82.W b.66

17.0 6.2592 87.T 6.66

18.0 0,2_6 93.0 6.65

19.0 0.2315 98.3 6.65

2_.0 0.2198 10N,0 6.6_

21.0 0.2092 109.b 6,6_

22,0 0.1996 116,0 6,63

23,0 0.1908 119.0 6.60

Z_.0 G.1828 125.0 6.63

25.0 0.1755 130.0 6.63

26,0 0.1587 135.0 6.62

28.0 0.1566 1_6.0 6.62

30,0 0.1661 156.0 6.62

02,0 0.1360 166.0 6.61

3_.0 0.1289 177.0 6.61

36.0 0.1217 157.0 6.61

38.0 U.1153 198._ 6.61
60,0 0.1099 208.0 6.61

_S.O 0,00705 236.0 6.60

50.0 0.00762 260.0 6.60

55.0 0,07966 286.0 6.60

50.0 0.07303 312.0 6.60

65.0 0.067_2 330.0 6.59

70.0 0.06261 36_.0 6.59

7S,0 0.058_ 390.0 6.59

00.0 O.O5k?9 _16.0 6,59
90.0 u.0_871 _68.0 6.59

I00,| 0.0638k 5ZO.O 6.59

125,0 0.03508 650.0 6.59

150.0 0.0292_ 780.0 6.58

175,0 0,02507 910.0 6.58

200.0 0,0219_ 1J60,0 6.58

225.0 0,01050 1170,_ 6.58

250.0 0.01755 1300.0 6.$8

2?5.0 0.01596 1_30,0 6.58

300.0 0.01_63 1560.0 6.58

350.0 0.0125_ 1820.0 6.58

_J0.0 0.01097 2680,0 6.58

_50.0 0.009750 23_0.0 6.58

500.0 0.008770 2600,0 6.50

600.0 0.007315 3120,0 6.58

700.0 0.006271 36_0.0 6.58

800.0 0.0_5_87 _160.0 6.$8

900.0 0.00_877 k670,0 6.$8

1000.0 0.006390 5190.0 6.58

1100.0 0.003991 5710.0 6,58

1200.0 0.003650 6730.0 6,58

1300,0 0.003377 6750.0 6,58

1600.0 0.003136 7270.D 6.58

15_G.0 0._02927 7790.0 6.5_

-VmP_OV!T ,ov/ol_V
ATM IIDEG.K

69,0 0,0382

5S.7 _,0618

_.0 0.0961

_3._ 0.158

ZO._ 0.185

0.666 0.623

U.660 G.WI5

0.735 0.307

0.7_5 _.293

0,75_ _.201

G,763 C,Z?O

0,770 _,260

b.777 _.251

0,78W 0.2W2

0,780 0.235

3.795 0,2Z7

Q.800 0,221

0.80S 0,21_

0,82_ 0,189

0.838 _.169

0.8_9 0.15N

0.857 0.1_1

0,863 0.131

Q.869 0.122

0,873 0,116

0.877 d.137

0.887 6.0963

0.886 0.687_

O.BBO &.0800

0.892 6.0738

0.89_ 0.0685

0.895 0.0660

_.897 6.06J0

0.897 6.0565

0.898 0.053_

0.899 0.0506

0.899 0.0681

0.900 6._N59

0.900 0,0638

0.900 0.0_20

0.901 b,_03

0.901 0.6387

6.9_1 0.0359

0.901 _.033_

0.902 0.0313

0.902 0.0295

0.90_ 0.0270

0.902 C,0263

0,902 0,0750

0.902 ¢,0222

0.902 0.0200

0,902 0,0182
0.902 _,0167

0,902 _.015_

0.902 0,01N3

0,901 U.0133

0,901 5.0125

_.901 0,0111

0.901 0.0100

0.901 0.60799
0.961 0.00666

0,961 _.00S71

0.9_1 U.00506

0.901 _.00_66

0.900 6.00_0_

0.900 0.00363

0.900 0.00333
0,9U0 0,00286

0.900 6.0O250

0.900 6,00222

0.900 0.0_20_

0,900 G,00167
0.900 0.001_0

0.9_0 0.00125

0.900 0.00111

0.90_ 0,00100

0.900 0.000909

0.906 0.00083I

0.900 0.000769

0.900 0.00071N
3.960 6.000667

THERMAL VISCOSITY

CONDUCTIVITY

MW/CH-K G/CM-S

• * X 1006000

0.167 39.1

0.181 38,3

3,196 36.1

0.196 33.1

0,196 32,3

_,1_2 12.0
0,1_3 12.?

_,110 13.?

0,111 13,9

0.116 1_.0
0.115 16.5

0.117 16.7

0.118 1_.9

3.119 15.1

0.121 15.3

0.122 15,5

0.12_ 1S.7

0.131 16.6

0.137 17.5

O.t_h 18.k

0.150 19.3

0.157 20,1

0.163 20.9

0,169 21.7
0.176 22.5

3.185 2N.6

_.196 25.5

0.206 26.9

0,215 28.3

0,22_ 29,6

0.233 30.9

0,2_2 32,2

0.251 33._

0,259 3_,6

0.26? 35.8

0.275 36.9

0.283 38.0

0.290 39.1

0.298 _0,2

d.3_5 _1.3

0.313 _2.3

0.327 _.3

0,361 66.3

0.365 _8.2

_.368 50,1

0.381 51.9

_.S9_ 53.7

0._07 $5,_

O._S8 59.6

0,_68 63.6

0,_97 67,6

0.525 71.1

0,553 76.8

0.580 78.3

0.607 81.7

0.63_ 05.0

0.685 91.5

0.735 97.8

0,055 111,0

D,969 125,6

1.08 138,0

1.18 151,0

1,28 16_,G

1.37 176.;

1._6 180.0

1.55 199,0

1.72 22Z.0

1.89 2_3.0

2.05 266.0

Z._I 28k.0

2.51 322.0

2.80 359.0

3.07 39_._

3,3_ _28.0

3,60 _62.0

3,05 W9W,O

_.16 525.0
k.3_ 556.0

_.57 586.0

6.80 615.0

THERMAL DIELECTRIC PRANCTL
OlFFUSIVITY CONSTANT NUMBER

SQ-CM/S

0.000855 1.05519 0.W81

0.000536 1,05381 0.500

0.00_59 1.05176 0.572

0.00_365 1.0_866 0.700

_.000330 1._771 0,751

0.000731 1,0_562 1.08

_.00112 1.30N66 0,900

0.06160 1.00388 0.818

0.00170 1,0J377 0.807

_.0018_ 1.6u366 0.?97

0,00189 1.00356 0.788

C,00199 I._3_7 0.780

C.062;9 1,00338 0.773

0.00219 1.00330 0.767

_.00228 1,00322 0,761
_.50238 1._331S 0,756

0.00266 1.0_308 0,7S1
9.00258 1.30301 0.7_7

0,00309 1.00272 0,730

0.00362 1,002_9 0.719

0.00_17 1,0323_ 0.712

U.00673 1.03213 0.706

0.00532 1,0Q199 0,703

0,00592 1.30187 0.700

0,0065_ 1.00176 0.698

_,0_717 1,0_167 0,69?

0.008_9 1.03101 0.696

0.00988 1,00138 0.695

6,0113 1.00127 0.696

0.012_ 1.00117 0,697

0._1W6 1.60109 6.698

U.0161 1.0_102 0.698

_.0177 1.07_q6 0.700

0,019E I,C_091 0.7Cl
0.u213 1.00_86 0.762

0.0232 1,_3081 $.7C2

_.025I 1,00077 0.TC3

0.0271 1,00076 O.70N

Q,0291 1,00071 0.705

;,0312 1,03960 0,7_6

0,0333 1.G0065 0.706

0,0355 1._0062 0.707

0.0_00 1.00058 0.768

v,O_7 1.30056 0.7C8

6,0_97 1.00051 0.709
0.05_8 1.0J060 0*7E9

0,06_1 1.03065 0.769
0.0656 1.03563 0*709

0.071S 1.0J0_1 0.700

0.0866 1.00036 0.?08

0.103 1.01032 0,707

0.120 1.00029 0.706

0.138 1.60027 0.7_

0.150 1.0J025 0.702

0.178 1,00023 0.?_I

0.200 1.0JOZZ 0.699
0.223 1.03020 0.697

0.271 1.00010 0.69_

0.3Z3 1.00016 6.691

0,_69 1,03013 0.673

0.638 1.00011 0.670

0,827 1.5J009 0.668

1.0_ 1.0J008 0.667

1.26 1,03037 0,666

1,50 1,00006 0.667

1,76 1.00006 E.667

2.0_ 1,G0005 0.669

Z.66 1.0_005 0,668

3.31 I.uQOOW 0,66B

6.65 1.0G00N 0.668

4,0W 1,00u03 0,668
6.60 1,00003 0.667

8.58 1,00002 0,667

1£.8 1.00032 0,667

13.2 1.00002 0.666
1S.8 1.00002 0.666

18.6 1.0J001 0,666

21,6 1,00001 0.666

26.7 1,0_001 0.666

20.$ 1.G_01 0.666

31,6 1.00001 0.666

TWO-PHASE BOUNDARY

_" NUMBER5 IN T_IS COLUMN HAVE BEEN MULTIPLIED BY THE INDICATED FACTOR
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THERMOOYNAMICPROPERTIESOFHELIUM 4

1-0 ATMOSPHERE ISOqAR

TEMPERATURE VCLUHE

CCIG

DEG. K _ X ,01

2.168 O.Ob7hW

2.5 O,a6_C9 _7E.G 2,6W 3.885 W,STS

3.0 0°06978 395.0 3.45 W.931 5.058

3.5 0.072W6 297.0 3.78 6.229 5,963

_.0 0.07_9 190,0 ],78 7.92_ 8.703

4,22W O,OBJ01 139,0 3,EW B,VDO 9,711

4.22W 0o5921 33.9 0,381 Z_.13 38.13

4.5 0,6894 W7.1 0.321 25°55 32.5_

5.0 0.8372 66,0 0.255 27.71 36.19

5,1 0,86_5 69.3 9.250 28.10 36.86

5.2 0.8913 ?2,b 0.242 28,W9 32.52

5.8 0°9176 75.7 _,_3_ 28,88 38.17

5.h 0,9_35 78.8 0,22_ 29.25 38.01

5.5 0,96_1 81._ 0.222 29,63 39,h5

5,6 0,99_4 84.8 0,216 30,00 40°07

5.7 1.010 87.? 0.210 30,36 40,69

5,B 1._ 90.6 0-285 30.22 W1.30

5,9 1.069 93.W 0.200 31,08 WI.qt

6.0 1,093 9b,2 0.1_5 31,WW 42°51

6.5 1.212 110,0 0.17_ 33.1q 45,_7

7.0 1,]2_ 123.0 0.159 3W,89 48°35

7.5 I.W42 135.0 0.Ih6 30.57 51.18

8,0 1,SSW 147,0 0.136 38,23 53.98

8,5 1°665 1_9.0 0.126 39.68 56.74

9.0 1.1r_ 171.0 0,110 41.51 59.h9

9.5 1.88] 182.0 0.111 _3.13 62.27

10.0 1.9)1 193.0 O,IOE 4W.25 6w. Q3

11.0 2.206 216-0 0,0949 47.96 70.33

12.0 2.W19 238,0 D,OBEq _1.16 75.62

13.0 ?.631 260,0 0.0793 5W.35 81°00

1_.0 2,8_2 281,0 0.0733 57.5? 86.32
19.0 3._SZ 303,0 0,0682 60.69 91.61

16,0 3.261 32_,0 0.0638 63,81 96,90

17.0 _.wlO JkB,0 0.0_9_ 67.01 102,?

18.0 3,67_ 367-0 0.0B64 70.17 107.4

19,0 3.887 ]88°0 0,CS3_ 73,32 112.7

20.0 4.0_ W09°O 0._506 76.46 112,°

21.0 4.332 430.0 _.0_82 79,61 1_3,?

22.0 _.50_ hSl. O _,0_59 82.75 128,4

23.0 W,715 472.0 0.0439 85.89 133.7

2_o0 4.923 _93.0 0.0_0 89.02 138.q

29.0 5.133 513.0 _,0_0_ 92,16 1_4,1

26.0 5,33o 534.0 0.0387 95,29 1_9,_

28,0 5.7_3 976.0 9,03_9 101.6 159._

30.0 6.161 617.3 0.0335 107.8 170.2

32.0 6.57] 659,0 0.C314 114.1 180.7

34.0 6.985 700.0 0.0295 120.3 191.1

36,0 7,397 741,0 0,0279 126.6 201.5

38-0 7.808 783.0 0.026_ 132.8 211.9

_C.O 8.219 82A.0 0,0251 139.1 222,4

_5.0 9.?_? 927.0 0.3223 19_.7 ?48.4

50.0 10.27 1030.0 0.0200 170-3 27_.4

55.0 11.30 1130.0 0,0182 1B5.9 300,4

60.0 12.3] 12_0.0 0.0167 201._ 326._

65.0 13.35 13W0.0 0._15_ 217.1 392.4

70.0 Iw.38 1wkO.O 0.01_3 232.7 378.W

_5.0 15,_0 1540.0 0,0133 2_.3 WOW,W

80,0 16.W3 1650.0 O.Ut?S ?63,9 430.3

90,0 16.4d 1_$0*0 0._111 295.0 _82.3

1_0.0 20.53 _d6C.O 0._I00 326.2 _3W.2

125,0 ?5.66 2570.0 0.00800 40W,1 664,1

t50.0 30./8 3080-0 0.00F67 w82.0 793.Q

175.0 35.91 3590.0 0.00571 559.9 923,8

200.0 41.03 _110,0 O,OOFO0 b37.8 109_.0

225.0 46.1b 4620.0 0,G_44_ ?iS.8 1183.0

25C.0 51.28 513_.3 0,00_00 79].7 1313,0

275.0 _6._1 56_C,0 O. D036k 571.6 I_43.0

300.0 bl.$3 6160,0 0.C0333 g_9.5 1573._

350.0 71.75 7180.0 0.00286 1105.0 1_33,0

_00.0 82.03 _210,0 0.00290 ]761.0 2092.0

_50.0 92.28 _230.0 0.00722 1.17.0 2_52.0

500-0 162.5 I0300.0 0.00200 1573.0 2612._

60C.O 123.0 12300.G C._0167 188_.C 3131.0

700.0 143.S 1_C0.0 0,0U1_3 2106._ 3650.0

800.0 164.0 l_;OG.O _.0_125 2907._ _169-0

900,0 184.5 1_500.0 0.0u111 2519,0 hBaq._

1000.0 205.0 20500.0 0.00100 31_1.0 5208.0

1100.0 225.5 ??600,0 n. COOV09 3W42.0 5727,0

1200.0 2_6.0 24500.0 0.C00833 3754.0 6?_?.f

1300,0 266,9 2b?O0.O 0.000769 _069.0 6766.0

1_00.0 287.0 2_700.0 O.qOGlt_ _377.0 7235.0

1500.0 307.5 30660.0 0.C00662 _688,0 7_09.0

ISOTHERM ISOCHORE INTERNAL ENT_ALPY ENTROPY

DERIVATIVE DERIVAIIVE ENERGY

CC-ATM/G ATM/K JIG JIG J/G'K

1.9k8

2.337

2.7W5

3.?09

3.454

8.287

8.840

q.610

9.74_

9,872

10,00

10.1_

10.22

10.3_

10,45

10,96

10.66

1P,77

11,2_

11,62

12,06
12._?

12-75

13.07
13.36

13._4

1_.15
1_.62

19,85

1_.81

16.19

16._7
16.77

17o05
17.32

12.$0
17.82

18,09

18.28

18,49

le.70

19.0_

19._

lO,78

20,09

20,3 °

20.67

?_.94

2].59
22,10

22.6C

23.0_

23,_7

23.85

24,21

?_,51

2_.16

29.71

26.86

27,81

20,61

2qo31

29,92

]0._6

]Oog6

31._1

02.21

32.90

33.$2

3_.06

3_.01

3_.50

37.12

37,66

_P.16

3_.61

_q.o?

3_,_1

)9.77

CV

JIG'K

CP VELOCITY

OF SOUND

M/S

1.873 2.0k5 229._

1.910 2.355 222.?

2.100 2.996 207.1

2.275 4._74 185.6

2,368 _.961 172.C

3.3_8 9.778 100.2

3.26? B.OOZ 108.?

3.183 6.801 119.5

3.17W 6-668 121.5

3.165 6.553 123.W

3.158 6.492 125.2

3.152 6.36_ 127.0

3.1h6 6.2_7 126.7

3.142 6._17 130.4

3.138 6.155 132.1

3.13_ 6.100 133.?

3.131 6.0_9 139.2

_.128 6.004 136.8

3.119 5-828 1_4.1

3°114 9.709 150.9
3.112 5.623 157.2

3.111 5.960 163.2

3.111 5.511 168.9

3.111 5.472 174.3

3,112 5.4_0 179.6

3.113 5.414 IB_.E

3.11q 9.375 194.3

3.115 S.3_6 203.4

3.110 5.32k 21Z.0

3.117 5.307 220.3

?.117 5.292 228.2

3.11_ 5.280 235.9

3.118 9.270 243.2
3.118 9.?62 250.4

3.118 5.25_ 257.3

3.118 5.249 264.1

3.119 5.2W_ ?70.6

3.119 5.239 277.E

3.119 5,?35 283.?

3.119 5-232 ?69.3

3.119 5.229 295.3

3.118 5.226 301.2

3.11_ 5.221 312.5

3.118 5._17 323.9

3.11_ 9.214 _3_.0

3.118 5.212 3k_.3

0.118 9.210 354.2

3.11R S.208 363, °

3.116 9.206 373.3

3,116 9.?03 39_.9

3.117 5.201 417.2

3.117 9.200 h37.5

3.117 5.199 456.8

3.117 _.198 _79._

3.117 9.1R7 h93.3
?.117 5.196 510.5

3.117 5.196 527.2

3.117 5.195 559.1

3.117 9.195 909.2

3.110 5,19W E58,E

3.116 5,19W 721,3

3.116 5.193 779.0

3.116 5.193 832.6

3,115 9.193 883.1

3.116 5.193 _30.8

3.116 5.193 g76.2
3.116 5.193 1020.C

3.116 5.193 1101._
_.110 5.193 1177.C

3.116 5-19_ 12W8,C
3.116 S.193 1316.C

3.11_ S,193 14W1.0

3,116 5.193 1957.0
3.116 5.193 166_.0

3.116 5,193 1769.0

3,116 5.193 1_61.0

3.116 5.193 1951.0

3.116 9.193 2038.0

3,116 5.193 2121.0

3.116 5-193 2202-0

3.110 5.193 2279._

TWO-PHASE 50UNUA_Y

"" NUMBERS IN THIS COLUMN HAVE !}[EN MULTIPLIED BY THE INDICATED FACTOR
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THER_OPHY SICAL PROPERTIES OF HELIUM

1,0 ATMOSPHERE ISOBAR

TEMPERATURE DENSITY V(DH/DV) V[OPIDU) -V(DPIDV} T [DVIDT]/Vp v p

DEG, K G/CC JIG ATM-CC/J ATH 1/OEG.K

_ X 10{

Z,168 1_.B3

2.5 14.69 54.Z 9,58 59,9 0.0377

3.0 14,3] 30.7 12,6 56.7 5.&608

3,5 13.8_ 32.5 L3,0 41.0 0.0923

4.0 13.01 26.6 12.8 24.7 0.153

" 4,224 12.50 23.7 12.3 17.3 6.21;

4,22W 1.689 [W.7 6,7W 0.$73 0,666

4,S 1,W50 17.0 6,79 0.68W 0.470

5,0 1.190 ZO.T 6.82 0.780 0.329

5,1 1.157 21.3 6.82 O.BOZ 0.312

5.2 1.122 22,0 6,82 0.814 0.298

5.3 1.C50 22.7 6.82 0.825 6,285

5.W 1.050 23.3 6.82 0.83S C,273

5,3 1.032 24.0 6.03 0,8_5 _,262

5.6 1.006 ZW.5 6.82 0.853 0.253

5.? 0.901Q 25.2 6.82 0.861 G.2k_

5,8 5,9077 25.0 6,82 0.868 0.236

5._ 0.9358 26.5 6.82 0,874 0,229

6.0 0.91W9 27.1 6.82 0,880 0.222

6.S 0.8250 30,1 6.81 G,9CS 0.194

?.0 0,7030 33.0 6.86 0.923 0,173

?.3 0.6_36 35,9 6.79 0.936 0,156

8,0 5,6w35 38.8 6.?8 0.946 _,143

8,5 0,6307 _1.6 6,75 0,955 0,132
9.0 0,5636 4_.; 6.F5 0,961 0.123

9.5 _.$310 _?._ 6.7R 0.96T 0.115

10,0 0.5021 S0,6 6.73 0.571 6.1Q0
11,0 0,W533 55.W 6,72 0.978 G,0970

12,0 0.4L34 60.9 6.71 0.963 0,0878

13,0 0,3001 66.3 6.7G 0.98? 0,5803

14.0 0.3519 71,5 6.69 0,990 0,0741

15.0 0.3277 ?r,O 6,68 0,992 0,0687

16.0 0.3066 82,3 6.67 0.99M 0,56W1

17.0 0.2052 87,6 6.66 1.00 0.0601

18.0 O.ZTIB 92.9 6,66 1.00 0.0566

19.0 0.2573 90,2 6.65 1,50 0.0535

20.@ G,2442 I04,0 6.65 1.00 0,0507

21.0 0.2325 169,0 6,6_ 1,00 5,0482

22.0 0.2218 11M.0 6,6_ 1.00 0.0_59

23.0 0.212_ 115.0 6,6k 1.05 0.0439

2_.0 _.2031 125.0 6,63 1,50 0.0420

25.0 0.1049 130.0 6.63 1.&0 0,0403

26.0 0.1074 135.0 6.63 1.G_ 0,0307

20.0 0.1739 146.0 6,62 1.00 0.0359

30,0 0.1623 156.0 6.62 1.00 0.033k

32,0 0.1021 156.0 6,62 1.00 0,0313

3_.0 0,1432 17r.0 6.61 1.00 0.5295

36,0 0.1352 18r.0 5.61 1,00 0,_278

38.0 0.1281 198.0 6.61 1,00 0.0263

_0,0 0.1217 Z00.0 6.61 1.00 0.0250

_5.0 ;.1_81 23_,_ 6.6C 1,E0 0.C222

S0,0 Q.0973k 260,G 6.6_ 1._0 0.5Z00

55,0 0.08B_9 286.0 6,63 1,00 0.0182

60.0 0.00113 312.G 6.60 1,00 C,0166

6S.D 0.07_89 338,_ 6o6_ 1,G0 0.615_

70.0 0.06955 36_.0 6,59 1.G0 0,01_3

76,0 0,06492 390,0 6.59 1.00 0,0133

00.0 0,06087 415o0 6,59 1.0_ G,Q125

90.& 0.05kll 460.0 6.59 1.00 0.0111

100,0 0.0_971 520.0 6.59 1,00 0,01GJ

125.0 0.03898 650.0 6.59 1,00 Q,00799

150,0 0.03249 780.0 6.59 1.00 0,00666
175,0 0.02785 910.0 6,$0 1.00 &,00571

200,0 0.0243? 1040.0 6.58 1,00 0,00500

2ZS.O 0.02167 1170.0 6,58 1,00 _.00W44

25J,0 0.01950 1300.Q 6,58 1,00 0,00400

2?5.0 0.01713 1430.0 6,58 1,00 0,00363

30=.0 0,01625 1560.0 6,$8 1.00 5,00333

350,0 0.01393 1820.0 6,58 1.50 0.00286

400,0 0,01219 2060.0 6,50 1.50 6.00250

403.0 0.01084 2340.0 6.58 1.50 0._02_2
500.0 0.009753 2660.0 6,58 1.00 0.0020_

600,0 0,000128 3120.0 6.58 1,00 Q.00167

700,0 0.00696? 3640.0 6.58 1.00 0,G01k3

800.0 0,0_6_96 _160.0 6.58 1._0 6.06123

9_.0 0.U05419 _670,0 6.58 1.00 0.50111

1500,0 0,_0_877 5190._ 6,58 1,00 0.0010_

1100.0 0,00_k3_ 5710.0 6.58 1.00 0.6009_9
1_0,0 0.05_065 6230.G 6.$8 1.0_ 0.000833

1300.0 0,00375? 6750.Q 6.58 1.00 0,G00760

1000.0 0,003_8_ 7270,0 6.58 t,O0 C,O_O?t_

I50_,0 0,003232 7790._ 6.58 1.C0 0.0_667

THERMAL VISCOSIIY THERMAL 61ELECTRIC PBANDTL

CONDUCTIVITY DIFFUSIVITY CONSTANT NUMBER

MW/CM-K GICM-S SO-CMIS

_" X 100C000

0.167 39.4 O._Ou55B 1._5528 0,_81

0.182 38.6 D.000538 1.05392 0,5_0

@.191 36.4 0.000_62 1.05189 0.571

0.196 33._ 0.0_0371 1.0_606 0.692

0.196 31.? 0,000315 1.0_692 Q,054

0,1C6 12,5 0,000643 t.OJ626 1,15

0.106 13.0 0.0_0913 1.03538 0,978

0.11L 13,9 0,0_137 1._3 0,862

0,112 1_,1 _,001_E 1.0_29 0,038

0.114 1_,3 0.001S_ 1,00_16 0,825

J.115 14,5 _,01163 1.03_k 0.81_

0.116 14.7 0.00172 1.13393 0.0_
0.11B 14,9 0,05181 1,J)382 0.79S

0.119 1S,1 0.0_19_ 1._73 0.707

0,L20 15.2 0,0_199 1,_360 0.780

0,122 15._ 0.002_8 I,_3355 0.773

0.123 15.6 0,00217 1._33_7 0.768

0.125 15.8 u.0;227 1.53339 0,762

0,131 16,7 0,00273 1.G0306 0.742

0,138 17,6 0,00321 1.00279 0.729

0,105 18.5 0.00371 1.00257 0.719

3,151 19,4 0.0_22 1.0_238 6,713

0,157 20,2 0.00475 1.00223 0.700

0,163 21.0 0,00529 1,_0209 0.75S

0,169 21,8 0.00985 1.D_197 0.702

0,175 22.6 G.006_2 1.0_186 0.7L0

0,186 2_.1 G.00761 1.D0168 0.699

9.196 25.6 0.00886 1.00153 0.698
d,2_6 27,0 0.010_ 1,u_1_1 0.698

0,216 28.4 0.0115 1.G0130 0.696

0,225 29.7 0.013u 1,_d121 0.69_

0,23_ 31.0 0.01W4 1,0311_ 5.?_0

0.2_2 32,2 0.016_ L._107 0,7_1

0,251 33,5 0,0175 1.06101 0.?02

0,259 3R.? _,0192 1.0_5 0,702

0.267 35,8 0.0209 1.00090 0,703

0.275 37.0 0,0226 1.00086 0.70_

0.283 38.1 Q.02WR 1.;g_BZ 0.7[5

0.291 39.0 0,0262 1.00079 0.756

0,298 ;0.3 0.0281 1,00075 0.706

0.306 _1.3 0.0300 1.0007_ 0.T&T

0.313 _2.3 0.0320 1.0_069 0,T07

0.327 40.4 0.0360 1.00064 0.75B

0.341 46.3 0.0k33 1,00060 0,709

0,355 48,Z 0,0447 1.03056 0.709

0.36B 50.1 _.0k93 1.00053 0.709

0.301 51,9 0.0541 1.00050 0.710

0.394 53.7 0.0591 1._0_7 0,?0_

0.4_7 55.4 0,064_ 1._5_5 0.709

0,k38 59.6 C,0778 1.0_3 0.7C9

0._68 63,6 G,092_ 1.C)036 0,702

0.R97 67,5 0,10_ 1.0_0T3 0.7C6
_.525 71,2 C.125 1._030 6,70_

0.553 74,8 0.142 1.0)028 0,?52

0,581 78,3 0.161 1.00_26 0.?C1

0,6C7 81.7 0,180 I._J_2R Q,699
0,63_ 05._ 3.2C_ 1,C._23 0,6_7

0,655 91.S 0.2k4 I._]_20 0.69k

0,73b 97.8 0.291 I._IB 0.691

0.856 111.; d._23 1,_J01_ C.o73

0,969 125.0 0.57_ 1.00_12 0.670

1.08 138.0 _.TR_ 1,0001J 0,668

1.18 151.0 0,932 I._G_9 0.667

1,20 164._ 1,1_ 1.53_00 _.666

1.37 176.0 1.35 1,_0007 0.667

1.46 180.0 1.59 1.00_07 0.66?

1,55 199.0 1,83 1.0_006 C.669
1.72 222.0 2.3B 1,03005 0.666

1.89 2_3.0 2.BB 1.0_006 0,668

2.05 26_,0 3.6_ 1.00_04 0.668

2.21 284.D _.36 1,0300_ 0.660

Z.51 322,_ 5.94 1.03003 0.667

_.0L 359,0 7.73 1.CJ_03 0.667

3,01 394,0 9,70 1,00002 0.667

3.3_ 428.G 11,9 I,;_02 0.666

3,60 _62,0 10.2 1.09002 0.666

3.65 _9_._ 16,7 1.00002 0,6E6

M,1Q $25,_ 19.M 1.0;002 0,666

4.3_ 556,0 22,3 1.G_001 0,666

_.57 586,0 25.3 1_C_01 0.666

4._ 615,G 28,_ 1.00601 0.666

TWO-PHASE BOUNDARY

_" NUHBERS IN TdIS _OLUMN HAVE BEEN HULTIPLIED BY THE INDICATED FACTO_



THERMOOYNAMIC PROPERTIES OF HELIUM W

1.2 ATMOSPHERE ISOBAR

TEMPERATURE VGLUHE ISOCHCRE INTERNAL ENTHILOY
CC;3 DERIVATIVE ENERGY

DEG. K _4 X ,01 ATMIK JIG J/G

2.167 0.06726

2.5 0._6709 W87,0 2.62 3.068 W.6gW

3,0 0.06053 h07,0 3.46 w.q02 5. TWT

3.5 0.07211 ]bg,o 3.61 6.180 7,657

_.0 0.07629 203.0 3.83 7.035 8.762

_._2_ 0.08281 I06.G !.51 9.700 10.00

• _,42_ 0,4870 20._ 3._69 24.02 29,qk

_.5 0.51w2 3_.0 &._41 24.50 30.76

5,0 0,6590 57.1 0._36 27.02 35.03

5.1 0.6830 6C.g 0.321 27._ 35,77

5.2 0.7_73 6_.6 0.80q 27,80 36.48

5.3 0.7_10 56.1 0.299 26.30 37.19

5._ ;,_5_2 71.6 0._69 28.76 37,87

5,5 0.7769 7_.9 0.280 29-10 38.Bk

5.6 O.rBg2 78.1 0.071 29.h9 39.21

5.? 0.8212 81.3 0.263 29,87 39.86

5,8 0,8_29 _.4 0.25_ 3n.25 40._0
5.9 0.86_ 87.5 0.2&g 30.62 _I.18

6,0 0,8856 90.5 9.2_3 31.00 41.76

6,5 0,9886 105.0 0.21F 32.80 _4.82

7.0 1,08_ 118,0 O,lgE 3k.55 _7.78

7.5 1.185 131.0 0,17_ 36,26 50.6?

8.0 1.283 l_,D 9.16_ ]7.95 53.51

8.5 1.37_ 156.0 n. JS_ 30.61 56._2

9.0 I._67 I68,0 0.1_ _1.26 59,10

9.5 1.559 180.0 0,13_ _2.90 61.85

10.0 1.650 191.0 0.128 _.53 6_.59

11.0 1.833 21_.0 0.11_ _?*?? ?0.02
12.0 2.00_ 736.D 3.10_ 50.98 75,_1

13,0 2.187 25_.0 o.oq_8 5_.1_ 80,77

1_.0 2.363 200.0 3.088_ 57.37 86.10

15,0 2.530 302.0 0,0822 60.55 91._2

iE.O 2.71_ 323.0 0.0760 63.72 96.78

17.0 2._Sg 3_5.0 _.0721 66.Bq 102,0

18.0 3.064 366.0 3.0679 70.05 IOT._

19.0 3.23_ 388.0 0.06_2 73.2C 112,6

20,0 3.411 _09.0 _*o_g 76.36 117._

21,0 3.5_ _30.0 0.0579 79.51 1_3.1

22.0 3.79d 451.0 0.3552 8_o65 128,3

23.0 3,930 H72.0 0.0520 85.80 133.E

2_,0 k.l_] _93.0 0.0605 8B,g_ _38.8

25.0 _.27_ 51_.0 0.0_85 92.08 1_.1

26,0 k.4_ 53_.0 O.OH66 96.22 I_g._

28.0 4.79_ 576.0 0,_32 101.5 159.8

30.0 5.13_ 610.0 0.3_C3 107.8 170.2

32.0 5._0 659.0 _.0377 114,0 _O.E

3_.0 5.828 701.0 0,03r5 i20._ 191.1

36.0 6*167 7W2.0 0,0375 126.5 201.5

38.0 6.BlJ _3.0 0.0317 132.8 211. °

_0.0 6.853 026.0 0.C3_1 i30.0 222._

kS.0 7.73_ 920.0 0.0_67 15W.7 2W8._

6_*0 8.5o_ 133C.0 0.C2&D 170.3 274,4

55.0 g,421 1130,0 0.0219 185.9 300._

60.0 10.2_ 12WC.0 0.0200 201.5 326°_

65.0 11.13 1_0,0 q.0185 217.1 352,4

?C.0 11.09 Iw_._ 0.0172 2]2.7 370,_

75.0 12.0_ IbWO,O 3.01_0 2_8.3 hO_.h

80.0 13.70 16_0.0 0.0150 263.8 _30.6

90.0 15.40 $850.0 0._133 2_5,0 h87.3

100,0 17.11 2360.3 0.0120 326.2 _3_- _

125.0 21.39 257C.0 0.00_60 40_.1 66_.7

15{,0 25,66 338C.0 C.OZeOO _02.0 7gW.3

175,0 29._$ 3606.0 0.03E86 55B.9 923._

200,0 3W.20 _llG,O O.OOEO0 637,9 1054,3

225-0 38.W? &620.0 0.00533 715.0 1_84.0

250.0 _2.7_ 5130.0 0.C0_80 793,7 3313.9

275.0 _7.01 56w0.0 0.C_36 871.6 1_W3._

300,6 51.28 b160,0 0.90000 B_g,5 1_73.P

350.0 59.82 7180.0 C.0G3_3 1105,O 1833.0

400.0 60,36 _210,0 0.J0300 1261.0 2Cq2.3

450,0 ?6.gI 9230.0 _.00267 1417._ 2352."

50C.0 65.W5 I_300.0 _.O02&O 1573,_ 2612,0

EO_.O 102.5 17300.0 0.00200 I_.0 3]XI.3

700.0 119.6 tW_O0.O 0.00171 2196.C 3E50.0

800.0 136.? 16_00.0 0.00160 2507.C 4169.C

900,0 153.B 1850U.O 0.0012_ 2819.0 _6Bg.c

1000.0 170.9 2C500.0 0,_0120 3131,0 5208.0

1100.0 187.9 22600.0 :._GIOg 3WW2.0 5727.9

1200.0 205.0 2_600.0 _.CCIOO 375_.0 62_7.C

1300.0 222.1 ZE?OO.O 0.000B23 _066.0 6766.0

1_00o0 230,2 28700.0 0._00857 _377.0 7?05.0

1500.0 Z56,3 30800.0 O.COCBO0 _6_9.0 7805.3

ISOTHERM

DERIVAIIVr

CC-ATM/G

ENTROPY

J/C-K

1.940

?.326

2.730

_.105

3.667
7.993

8.17_

q.o?7

9.2_3

Q.363

9.496

9.625

g._67

g.gB

tO.OB
1(-20

tO.31

10.80

11-2_

11.6h

12.00

12.3k

12.66

12.96

13.2k

13.T6

1_.23
I_o65

15.05

15._2

11.76

tE-O_

16.38

16.67

16._

17.1g

17.B_

17.67

17._9

18.11

iF.31

18.70

19.06

1o.40

19,71

2_.01

2e.2g

20.56

21.17

21.72

_2.22

22.67

_7.og

73.0_

2_.1?

?_.78

2_.83

27._7

2_-g3

2o.5_

_C.gQ

30.58

_1.33

81._3

]2.53

_3.68

3_.63

35.43

_E.I?

37.2_

88._3

3P.65

_9-03

_q.39

CV

J/G-K

1.867

1.907

2.096

2.268

3.362

3-331

3.212

3.100

3.187

3.177
3,168

_.160
3,10_

3.140

301_3

3.130

3.135

3.122

3,115

3.I12

30111

_,110

3.111

3,111

3.112

3.113

3,11_

3.116

_,117

3.118

3.118

3.110

3.110

3.119

3,110

3,119

_.119

8.110

3.119

3.119

3.110

3.119

30119

3.119

3,110
3.110

3,118

3.110

_.110

_.118

_.118

3.117

3,117

3.117

3.117

3-117
3,117

3,117

3.117

3.11_

3.11E

3,116

3.116

3.116

3.116

_,116

30116

3,11E

?,11_

3.116

3.11E

3,116

3.116

3.116

3,11E

_.116

3.116

3.11E

3,11E

3,11E

CP

?*029

2.339

2-962

3.970

6.015

11.31

10.23

7.521

7.288

7.09_

6.930

6.790

6.669

6.563

6.k70

6.388

6.315

6.2Wg

6.002

5.8_0

5.720

S.6W5

5.5_3

5.533

5.h_h

5._62

5.41k

5.378

5.351

5.330

5.313

5.296
5.286

6.276

5.267

5.260

5.25W

5,2_0

S._3g

5°236

5.232

5.227
5,222

5.219

5.216

5.213

5.211

5.209

5.205

5.203

5,201

5.200

5.199

5,198

5.197

5.196

5.196

5.i95

5.17W

5.19W

5.1g_

5.193

5,1g3

5.103

5.193

5.193

5.193

5.193

5.193

5.193

5.1g3

5._93

5,193

5.193

5.1_3

5.193

5.193

5.163

5,_g3

5.!g3

VELOCITY

OF SOUND

231.9

22W.8

210.3

189.9

162.6

100.1

102,0

116.k

118.6

120.7

122.7

124,7

126.5

128._

130.1

131.9

133.5

135._

142.8

1_9.9

156.&

162._

160.3

173,9

179.?

16_.3

19_.1

203.3

212.0

220.3

220.3

236°0

2k3._

25_°5

257.5

2E_.2

270.8

_77°2

283.E

289.6

295.5

_1Z.8

323.7

33W,3

36W.2

378,6

396,1

437.7

457.1

475.6

hg3.B

$10.7

559.3

509.&

658.7

721._

770,1

832.8

_83.2

g30.g
976.3

1020.0

1101,_

1177.0

12_0.G

1316.£

14_1.0

1557.0

1664.0

i765.C

1861-C

1952.0

2038.0

2121.0

2202.0

2279.0

TWO-PHASE _0UNOARY

** NUMBER5 IN THIS COLUMN HAVE _EEN MULTIPLIED qY THE I_JOICATED FACTCP

_0



THERMOPHYSICAL PROPERTIES OF HELIUM

1,Z _THOSPHERE ISOBAR

TEMRER&TURE OENSIT_ VKOHtOV) V(DP/OU)
p v

DEG.K G/CC JIG ATN-CC/J
• 6 X 100

• 2.167 I_.BT

2,5 1_.73 55.3 9.60

3,0 1_.38 39,6 1Z,6

3,_ 13.8r 33.3 13,1

_.0 13.11 2?,6 1Z,g

_,_2_ 12.08 22.0 11,8

" W._2_ 2,053 1_,6 6.79

_.5 1.g_S 15.3 6,81

5.0 1.5Z0 19.5 6,86

S.l 1._6_ 20.Z 6,86

5,2 1,_1_ ZO.9 6,87

5.3 1.3_8 ZI,6 6,87

5._ 1.3Z6 2E,3 6,8_
5.5 1.287 Z3.Q 6.87

5.8 1.251 23.? 6,87
S.? 1.ZIB 2_.3 6,87

5.8 1,186 25.0 6.87

5.9 1.157 25,6 6.87

6,0 1,1Z9 26,3 6.87

6.5 1.012 Z9._ 6.86

7.0 0.gi91 32,_ 6.8_

7.5 0.8_39 35._ 6,83

8.0 0.7811 38,3 6.81

8,5 0,7Z78 _1.1 6._0

9.0 0.6818 _,_ 6.79

9.5 0,6W16 _6.8 6.78

10,0 £.bj61 _9.5 6.76

11.0 0.5W6_ 55.1 6.75

12.0 0,_978 60.B 6.73
13,0 0,_573 66.0 6.7?

1_*0 0._Z31 _1._ 6.7I
15.0 0.3938 76.8 b.?O

16.0 0.360_ 02.2 6.69

17.0 0.3_61 8t.5 6,68

18,0 0.3Z5_ 92.8 6,67

Lg,@ 0.3089 98.2 6,6?

ZO,O 0.Z_32 103.0 6,6£

21.0 0.2790 10_.0 6,66

2Z,O 0.2_61 11_,0 6.65

?3.0 0.25_ 119.0 6.65

Z_,O 0.2W37 125.0 6.65

25,0 0,2339 130.0 6.6_

Z6,0 0.BZ_B 135,0 6.6_
28.0 0,2007 %_.0 6.63

30.0 0.13_7 156.0 6.63
32,0 0,1_25 160,0 6.63

3_.0 0,1717 177.0 6,62

36,0 0,1522 187.0 6.62

38,0 0.1536 198.0 b.62

_0.0 0.1_59 20_.0 6.61

_5.B 0,1297 23_.0 6.61

50.0 0.I108 260.0 6,61

BB,O 0,1_61 286.B 6,60

6_.0 0*09731 31Z.O 6,6_

65.0 0,0898_ 338._ 6.6C

?_.0 G.083_3 36_.0 6,60

_5.0 0.07788 390,0 6.6_

_0.0 0.0_302 _16,_ 6.59

gO.O 0.06_91 _68,0 6,59

1_._ 0.658_3 520,0 6.59

125.0 0.0_576 bSO.0 6,59

150,0 0.03898 ?80,0 6,59

175.0 0.033_1 910.0 6,59

200,0 0,0292_ 1_0.0 6.58

2_5,b 0._2599 1170.0 6,58

250.0 _,_Z3_u 13_0,0 6,58

2?5.0 0.02127 I_30.0 6.5_

3_0.0 0,01950 1560.0 6,58

35_,0 G.d1072 1820.0 6.5_

_50.0 0.01300 23_8.B b.BB

500,0 Q.01170 7606*0 6.58

b_O.D 0.309753 3120.0 6.58

70_,3 _.30_36_ 36R0.0 6.58

8JO.O 0,0J7315 _lbO.Q 6.5_

90_.0 0.006503 _610.0 6.58

IOGJ.G 0,005053 51qO.O 6.58

I%_G.G 6.005321 5710,0 6.50

1200.0 0.00_877 6Z30,_ 6.50

130_.0 0.00_507 6750.0 6.58

1_00,_ G.00_101 ?ZrG,_ 6.5a

1503.0 0,0_3902 7790.0 6.5_

-V(DP/OVI T (OVIDT_/V THERMAL VISCOSITY THERMAL
CONDUCTIVITY OIFFUSIVIIY

ATH IlOEG.K MWICM°K G/CH-S SQ-CH/S

'' X 1000D00

71,8 0,0367 0,168 39,8 0.000563

58.5 0,0591 0.182 39,0 0,0005_Z

_Z.8 0.0889 a.192 36,g 0,000_60

26.6 0.1_ 0.198 33.9 0*000380

12.8 0,273 0.197 30.6 G,003271

0.60_ 0,777 0.116 13._ O.OGd_�B

0.661 0.&67 0.11_ 13,5 3.006573

0.868 0.386 0.11_ 1W.3 0,001_0

0.892 0.360 0.115 1W.5 fl.OOI_B

0.913 0,339 0.116 1_.6 0,00116

0,932 0,320 0.117 l_.B Q.O01Z_

0.9_9 0.30_ 0.119 15.0 0.0u132

Q.96_ 0.290 0.120 15.2 0.001_0

O.BIB 0.277 0.121 15._ 0.001k7

0,990 0._66 0.122 15.5 3.00155

1.00 0.256 0.12_ 15.7 0.00163

1.01 0,2_6 0,125 15.9 0.00171

1,02 0.238 0,126 16.1 0.00179

1.06 0.Z0_ 0.133 17.0 Q,00_19

1.09 G.IBO 0.139 17.9 0.00760

1,11 0.162 3.1W6 18,7 0,00302

1.12 0,1_0 0.152 19.6 0,003_5

1.13 0.136 0.158 20._ 0.00389

1.1N 0.126 0.1bk 21.2 0,00_3_

1.15 0.117 3,170 22.0 0,00_82

1.16 0.110 0.176 2_.8 0.00530

1.17 0,0982 _.106 2_.3 0.0063_

1.18 O.GBBB 3,197 25.7 0.00735
1.18 0.0811 _.207 27.1 0,008N_

1.19 0,07_6 0,216 28,5 0.00959

1.19 L,0692 0.225 29.8 0o0108

L.19 0.06;5 0,23_ 31.1 0.0120

1.19 b.060_ 0.2_3 32.3 0,0133

1._0 0.0568 0.252 33.5 0.01_6

1.20 0,_537 0.260 3_.7 0,0160

1.20 0.0508 0.?68 35.9 D.OiTN

1,20 0.0_83 0.?76 37,0 0.0188

1.20 0.0_60 3.20_ 38.2 O.QZ03

1.20 O.ONWO _.291 39.3 0.0?18

1.70 0.0W21 3.799 _0.3 0.023_

1.20 O.bWO3 0.306 Wl.W 0.0?50
1.2_ 0,_381 _.313 WZ.W 0,0262

1,20 0,0359 O*3ZB WW,W 0.030_

1._Q 0.0335 _.3N2 _6,W 0,033_
1.20 0.0313 0,355 _B,3 u.0373

1.20 0.0295 0.369 50.2 _.OWll
X.20 0.0278 3.382 52,0 &.0_51

1.20 0,0263 0.395 53.7 0,_W9_

1.20 0.025. I.W_7 55.5 J.0536

1.20 C._227 J,W38 59.6 _.06_9

1.20 0.0203 3._6_ 63.6 0.077_

1.20 0.018Z 0.W97 67.5 G.OgOI

1,2_ 0.0166 0.526 71,2 O,lOq

1,2G b.GISW O.5BW 7_.8 Q,Xlg

1.20 0.01W3 3,501 78.3 d,13W

1.20 0.0133 _.6C8 _I.? Q.15_

1.20 0.0125 0.63W BB.t J.167

1.20 0.0111 0.6_6 91.5 0.233

1.20 0.013J 3,736 97._ 0.2_2

1.2J 0.0_799 _.856 111,0 0,352

1,_6 0.00666 0.969 125.0 0.w79

1.21 0,00571 1,0_ 139.5 0.021

1.20 O*_OSOd I,XB 15%.0 _.77l

1,20 O,OOWWW 1.28 16W.0 0,9W7

1.26 O._Ok_ 1,37 176.0 1.13

1,20 0.00363 1.W_ 188.0 1.32

1.20 0.00333 1.55 199.0 1,53

1.20 0.00286 1,72 272,0 1._8

1.20 _.QJ25. 1,_9 ZWZ,_ 2,W9

1.70 0,0U222 2.G5 26w.0 &.OR

_.20 0,0_2J_ 2.21 2B_.O 3.63

1.20 U.d]167 2.51 322.0 w,95

1,20 0.001w3 2.8G 359.G 6.WW

1.20 0.05123 3.67 39_,0 B,09

1,20 0,0d111 3,3N _B.O g.89

1.2_ O.b.%JO 3.6_ _62.0 11.8

1.20 b,uOUgO_ 3.85 ;9_.0 13.9

1.20 0.070_33 _.1: 5ZS.u 1_.2

1.20 O.ObOTb9 _.3_ 55b.0 I_.5

1.2_ _.00G?I_ w.S7 586.0 21.1

1.20 G.000667 _.Bb 615.0 23.7

OIELECTRIC

CONSTANT

L.O55WS

1.05_12

1.05215

1.0_92W

1.0W531

1.0_762

1.00722

1.0066_

1.0d5_3

1.0052_

1.00507

1.00_97

1.00_77

1.0_6_

1.00_5I

1.00_0

1.00_29

1.00_19

1.30375

1.003_I

1.00313

1.00209

1.0J270

1.00253

1.00238

1.00275
1.00202

1.0018_
I.C_169

1._0157

1.uJI_6

1.09136

1.00L28

1.00121

1.0011_

1.00109

1.0_103

1.00099

1.00090

1.0_007

I.Q0083
1.0_077

I.G0072

1.0U068
1.0006_

1.03J63
I.GJ057

_.0_3_

i. OvOw3

1.0.J39

1.D003_

1.03']33

1.00031

I.GJ_Zg

1.00022

I._001?

I._0012

1.03011

1.00_i0

1.0_009

l. GJ_u7

1.0_035

1.0J005

I.OJUI_

1.000_3

1.0J303

1.00002

1._002

1.00007

1.00_]2

1._,u02

1.0_032

l.uOO31

PRANDTL

NUMBER

0,_80

0.5_0

0.568

0.680

0.935

1.31

1.21

0,939

0.91_

0.893

0,87_

0,_59

0,8;5

0.833

O.BZZ

0.812

0.80_

0.796

0.767

0.7_8

0.735

0.726

0.719

0.71W

0,711

O.7uB

0.705

0,703
0.702

0.702

0.702

O.7_Z

0,703

0.7_

0.70_

0.705

0.7C5

0.706

0.707

0.707

0.TCB

0.?08
0.709

0.709

0.710

0.710

0.710
0,710

0.710

0.7C9

0,708

0.706

0.70_

0.703

0.701

0.699

0.697

0.69_

0.691

0,673

0.670

0.668

0.667

0.666

0.667

0.6_7

0.669

0,668

0.66a

0.665

0.668

0.667

0.667

0.667

3.666

0.666

0.666

0.666

0.686

0.b66
0.666

" THO'PNASE BOUNDARY

_ NUMBERS IN THIS COLUMN HAVE BEEN MULTIPLIEC BY THE INDICATED FACTO_



THEOMnDYNA_IC PPCPF_TIES (_F HELIU _ 4

1._ ATMO3PhER_ [SC)AR

TEMPERATUPZ VOLUME ISOT_ER_ IS_CHCRE I_TER_!AL ENTHALPY _NTROPY CV

CC/3 O_IVaTIV_ DEPI_ATIVE ENEPCY

DFG. K _ K ,31 CC-ATM/G ATM/K J/G J/G J/G-K J/G-K

2,165 0°]_?_8

3°0 OoJORN_ 418,0 3o_? _._73 5.756 2,_16 1,9_
3.5 O.J?l?? 321°_ _._ 6.1_ 7,152 2,_16 2,092

_.0 G._TS_5 21_.0 3,_ ?.?5_ 8,837 3.16_ 2,261
N,5 0,0_330 I0_.0 7o51 10.0_ lh_3 3.77_ _o_

_,6D2 0.08501 _.6 _,35 %0,69 11._I 3.876 ?o5_1

_.0 0.325_ _7.2 ].42? _b._3 _.(_ _.57G 3,2_7

5°% O._g6 51.7 ]._ 26.73 3_.52 _.736 3.22B

5.2 O._7_d 5b.2 _,i_ Z?.2_ 35,3_ _._92 3°217

5._ 0.5951 EO.D _,_72 27.66 _E-I0 q.o3g 3.198

5,5 0,_$77 b7.6 D._ c 2_,57 3T,_ _._11 3,1_E

5,6 _._51_ 71.1 _,_33 28,g_ 3_.2_ 9,_39 3.168

_.8 C.o)_C ?_.0 0,_12 2g.?_ _g,E5 _°679 3,153

_,9 O.?i?_ 81.3 O._J3 3Q,1_ _0,_2 q.?9_ 3,1_

6.6 6._2_ _0._ _.26f _2,_[ ¸ _.15 1C*_I 3,1_5

7,G _°g15_ 11_,0 _°2_ _,?C _7oI_ 10._6 3,11 _

7.5 1.001 _27.0 _°3_ _5._ 50.15 11.27 _,112

8.0 1°35_ l_._ 3.1_7 t?.EE 53._4 11-65 3.11C

8.5 1,1bo 153,0 0,I02 _9,3_ 55._g 11.Rq 3o11C

9,Q Io2_7 _6_.0 _°17C _!.01 58,70 12.31 3.110

9,5 %.3_7 177.0 _0_&_ _2,5/ Bt°Ng %_.6% 3o111

IC,O 1._]_ _89._ _.15C _.3_ 5_,25 12.9C 3,11 ?

%1.0 1,5o_ 212,0 _.I_ _7,57 69,7? 13,_2 3.%13

%2,0 1°716 _35°? _,I_ 50,_C T5.1_ %3.89 3.115

13.0 1°_b_ 257,0 _,11_ 5_.01 _0.5_ I_°32 3.11_

1_.0 2.02? 279._ _.I_ _7.21 8S,_g I_,77 3,117

%5.0 2,173 301.0 ?,]qB_ E_._n q_.?3 15,0 ° 3,118

tB.Q 2-_ _23-J 3,_Cg &3.5_ 96,55 15._3 3°11_

17.0 2°_?_ 3_°_ Co:8_ 66.TE 191,_ 15o75 3,119

18,0 2°5_ 36_,0 ],_7q5 6g,g3 107,_ IE.OE 3,119

19°0 _.77. 387.3 ].D751 73._ I12-_ 1_,3_ 3,119

20.0 2._3_ _0_,_ :,C?12 ?6.?5 _17,7 %E°bl 3.119

21.0 3,_73 _3C,G _,_77 7_._I 123,0 IE.87 3,12D

22,0 3.221 _51,0 _oG6_6 _2.56 1?q°? 17,11 3°120

23°0 3,_oq _77.0 0.J61_ _5.71 133,5 %?-35 3-120

2_o0 3o517 _g3.0 _._ScC _._ 138.7 17.57 3,12C

25.0 3.5o_ 51_.0 0,0_6 92.0G 1_.0 17.78 3°120

26.0 3._I] 53_,0 _.35_ Q5,1_ l_q._ 17,gg 3.%20

28.0 _.1_ 577,3 _.JS_ I01.N 159.T I_.38 3.11 °

30°0 _.40_ 618.0 o.04Te IC?.? 170.2 1_.7_ 3.119

32,0 _.6_ 66_,0 0._0 114,_ _Bo.6 19.0_ 3,119

3_,0 _°]_ ?01,_ 0.0_I_ 1_0,2 191.1 %g._g 3,119

36.0 5,2_ 7_3.0 _,_]_1 I76.5 201.5 19,69 3.119

38.0 5.553 78_,0 0,0_7C i_2.T 211,g IO.97 3.119

NO.O 5._73 B25.0 0°_7_1 139.0 222, _ _C°_ _.11_

_5°0 _.611 92g.0 0,0312 15_,6 2_8._ _C.8_ 3o118

50,6 7.345 I_3_.0 0,_281 170.2 _°_ 2_._C 3.118

55.0 8._7_ I13_,0 0,02=5 I_S.B 300°_ 21°_0 3.11_

6C.0 8._12 12_C,0 0.073_ ?01,_ 326°_ ?_*_S _°11A

65.0 _.5_5 13_C,0 3,_216 217._ 752°_ 22.77 3.117

70°0 10,2_ IN_O.O 0._300 _32,6 37_,_ 73.15 3°117

75.0 1%._ 155D-0 O,Qt_7 _.2 _0_-_ 2_.51 3.117

8C*0 11.74 lb50.0 G.C175 263°_ _3_°_ 23._5 3*117

9C,0 13o21 I_50.0 O.Ol_B 295.0 _82._ 2_._6 3,117

IOD.O 1_.b7 Z_60,_ C.01_0 _26,2 53_,3 25°01 3.%17

125.0 18.33 _57C.0 0.G112 _0_,1 _6_o2 26,17 3.117

15C,0 _2,03 _CBL.O 3.00_33 _82,0 _9_,I 27,11 3.116

175,0 25.65 _oUO.O 0.00_00 559.q g?3. _ 27°ql 3.116

200.0 29._3 _11C.0 0,_0700 B_7,R I05_.0 28.61 3.116

2Z5.0 _2._d _0_,0 0.C_22 715°_ 118_.0 29°22 3,116

25C.Q 36.6_ 513_.0 _,_C_60 Z93°? 1313.0 2q.77 3.11B

30C,0 _3,9b _Ib_°O 3.3_67 9_g.S 1573.0 3_-71 3-116

350.0 61,2_ tlBG,O J.OD_O0 IlOS,C 1833.0 _I,51 3.116
_GO.O 58.6_ _21C,0 _.GC350 1261,0 2D92.0 32.21 3°116

_SG,O {5°9? _4730,0 _,903_i I_17°0 2352°0 _2._2 3.116

50_-0 73.2_ 1C3_C.0 0._280 1573,0 2612,0 33.36 3,116

600°0 07.3_ 1_3_C,_ 0. C_233 1_8_,_ 3131.0 3_,_I 3,116

7DO.O 102.5 1_uG.O _.002C0 21_B°_ 3650°9 35.1_ 3.116

80C°0 _17._ It_O0.O 3,0_75 2507.0 _I?0.0 35°81 3.116

90_-0 131-_ IdSOG°O 0,C0155 _81g,0 _bBg°O ]E._2 3,116

100C.0 1_6.S Z_SCC,_ O.CG%_ 3131._ _?OB._ 3_,96 3.116

1100,0 1_1,1 27600._ 6.Cb127 _?._ 5727,_ ]?,_ 3.116

1200,0 175.7 2_00.0 O,_b_%? 375_._ 62_?.0 37.91 3-116

1300.0 19C._ 2h?O[.O 0.C010_ N065.0 6?66._ _8.37 3,116

1_00.0 206.0 26?00,_ O._DIDO _377.0 72B5.0 _.71 3,116

150C.0 219,7 3C_0C.0 _,GCCg33 _B_9.0 ?_05._ ]P.O? 3°116

TWO-PHASE _aJN]ARY

*_ NUMBERS IN T_IS COLUM)_ H_VE _)_EH MULTIPLTEC _Y TwE INDICATED F_CTC_

CP VELOCITY

EF SOUNC

M/S

2.C13 _3W.2

2.32W 22?-3

2.930 _13.3

3._?g 193.q

6.233 %62.5

13,65 99°7

_.E33 112.8

8.194 115,3

?._52 t1_.7

?,576 120oC
?.349 %22.2

?.159 12_,?

6.9_8 126.2

6.859 %28.1

6.73_ 129.9

6.E37 131,7

6.539 133.5

6.198 lhl,5

5,P_O 155°_
5.736 161.9

5.658 lb?,8

5._g? 173._

6,5_9 178,9

5.510 18_.1

5._53 193.q

5._11 2C3.2

5.379 21_._

5,36_ 220._

5.333 22_-_

5._16 _36°1

5.302 ?W3.E

5.290 2_0°7

5-280 25?.7

5,264 271.0

5°25_ 277.W

5.252 283.7

5.2_7 269.8

5.2_3 295.8

5.239 3Q1.6

5.23? 313.0

5.227 32_,0

5.223 33_.5

5,219 3_.8

5.216 _5_.?

5.21_ 36_._

5.212 373,8

5°20_ 396°N

5,205 _17.7

5,202 437.9

5.201 457.3

5.199 _75.8

5.198 _93.7

5.198 510.9

5.197 _27,6

5.196 659.6

5.195 589.6

5,19_ 65_.9

5.19_ 721.6

5,19_ ?79.2

5-193 832,9

5,193 883,3

5.193 931.0

5°1_3 976,3

_,193 1101,0

5,193 1177*0

5.193 12k9.C

5.193 1316.0

5.193 1_2.0

5o193 1557o0

5.193 166_-0

5°19_ 1765.0

5.193 1861,0

5.19_ $$52,0

5.193 2038,0

5.1_3 2122°0

5,193 2202°0

5.193 2279,0



1.k ATMOSFHERE ISOBAR

IHEQMO?HYSICAL PROPERTIES OF HELIUM W

TEMPERATURE -V iOP/OV) T (DV/OT_/V

DEG.K G/_C JIG ATH-CC/J ATM I/OEG, K
lo X 110

• Z,165 1_.91

2.5 1_.77 56.3 9,62 73,6 0,0358

3.0 I_,43 40._ IZ.6 60.3 0.0575

3.5 13.93 3_,2 13.Z _.7 0.0858

_.0 13.2u 28.6 13.0 28.6 C.136

_.5 12,01 22.1 11.8 12.4 Q.282

• _._02 11.63 ZO.G 11.3 9.1_ 0.36?

" _.602 2.455 t_.3 6.85 0.640 0.9_5

5.0 1.903 18.2 6,90 0.899 Q._7_

5.t 1.819 19,0 6,91 0.941 0.431

S,Z 1.7_6 19,8 6.91 0,97! G.397

5,3 1.6_0 20,6 6.91 1,01 _,369

5.4 1.621 21.3 b.�Z 1.04 &.345
5.5 1.568 Z2.a 6.92 1.06 0,325

5._ 1.519 22.T 6.92 1.08 0.308
5.7 1._7_ Z3.b 6,92 1.10 0,293

5.8 1._33 2_.1 6.92 1.12 0.280

5,9 1.3_W 24.8 6.92 1.13 0.268

6.0 1.358 25._ 6.91 1.15 0.257

6.5 1.207 28,7 6.90 1.2_ 6.216

T.O 1.0_1 31.8 6.89 1.2_ 0.188

7.5 0.999 3_.8 6.87 1.27 0.168

8.0 0.9220 3r,7 6.85 1.29 0.1_2

8.5 0.85T4 k0.7 6.8_ 1.31 C.139

9.6 0.8020 43.5 6.82 1.32 0.129

9.5 0,7538 46._ 6.81 1.33 0.12_

10.0 0.7114 49.2 6.79 1.3_ 0.112
11.0 0.6_03 5_,8 6.r8 1.3o 0.10u

12.0 _.5827 6a.3 6,7E 1.37 0.089?
13.3 0.5]_9 65,8 6.7k 1.3T 6.0818

1_.0 0._9_6 71.2 6.T3 1,3d 0.b75_

L5.0 0.4502 75.5 6.22 1,39 0,0696

16.0 0._303 82.0 6.71 1.39 0.0648

tY,O 0._0_1 87._ 6.23 1.39 0.060?

18.0 0,3810 92.? 6.69 1.39 _.057_

L9.0 0.3605 98.1 6.68 1.4_ 0.0538

20.0 0.3_21 1_3,0 6.6_ 1.4_ G.0513

21.0 0.3255 109.0 b.67 1.45 0,_48_

22.0 0.3105 114.0 6.67 1.4_ 0._461

23.0 0.2968 119.0 6,66 1.40 5,0_*;

24.0 0._8_3 125.@ 6,6E 1.40 0.0421

25.0 0.2728 130.0 6.65 1,_ 0,040_

Z6.0 0.2622 135.Q 6.65 1.40 0.0388

28.0 0.Z_34 146.0 6.6_ 1._ 0.C359

30._ 0.2271 156.0 6.64 1,40 0.0_35
32.0 0.21Z8 16_,0 6.63 1.40 0.0314

34.0 0.2_03 1T7.0 6.63 1._0 0,6295

36.0 0.1891 18?.0 6.63 1.4_ 0.U278

38.0 0.1?91 198.0 6.62 1.40 G,CZ63
_O.B 0.1702 208.0 6,62 1.40 0.025U

_5.0 0,1513 Z3_.0 6.61 1,_0 0.0222

50.D 0.1361 260.0 6.61 1.40 0.020_

55.6 0.1238 28t.0 6.61 1.40 0.0182
60.0 0,1135 313.0 6.60 1.40 0.0166

65.0 0.1348 339.0 6.60 1.40 G.0154

70.0 0.09?30 365.0 6.6_ 1.40 Q.0143
75.0 0.09082 391.0 6.6& 1.40 0.0133

80.0 0.08515 _17.0 6.60 1.40 0.0125

90.0 0.07571 468.0 6.59 1.40 0.0111

100.0 0.05815 520.0 6.59 1.40 G.OtGO

125.0 0.05_54 650.0 6.59 1.4_ _,00799

150.0 0.0_5_6 780.0 8.59 1.40 0.b0666

1T5.0 0.03898 910._ 6.59 1,40 0.0_571

200.0 0.03_11 1040.0 5.59 1.40 G.00499

225.0 G.03032 11_0.0 6.58 1.40 0,004_4

250._ 0.02729 1300.0 6.58 1._0 C.00400

275.0 0.02_81 lk30.C 6.58 1.40 0.00563

300.0 G.02275 1560.0 6.58 1._ 0.00333

350.D 0,01950 1820.0 6.58 1,40 0.G5286

400,0 0.01706 2080.0 6.58 1.W0 &.OJ250

_50.0 0.01517 2340.0 6.58 1.40 6.00222

500.0 0._1365 2600.0 6,58 1.40 0.G0200

600.0 0.01138 3120.G 6,58 1.40 G.00167

70_.0 6.009f53 3640.0 6.58 1.40 0.00143

800.0 0.00853_ _160.0 6.58 1.40 _.00125

90G,0 0.00_586 46_G.G 6.50 1._U 0.00111

1000.0 0.006828 5190.0 6.58 1,40 0.00100

1130.0 0.0062G1 5116.0 6.58 1,4_ 0.00_939

1200.0 0.005690 6230.0 6.58 1,_0 0.G00833

1300.0 0.0052_3 6750.0 6.58 1.40 0.000769

1400.0 0.00_877 72_0.0 6.58 1._0 0.£G071_

1500.0 0.004552 ??90.0 6.58 1.49 0.00066?

DENSITY ViOHIDV) V(DP/DU)
p v

THERMAL VISCOSITY

C_NoucrIvITY

N_ICH-K GICM-S

_ X 180C0_0

THERMAL DIELECTRIC PRANOTL
OIFFUSIVIIY C_NSTAN[ NUMBER

SQoCM/S

0.169 W0.3 0.0505e7 1.05561 0.480

9.183 39.5 O.Ou;5Wb 1.05431 0.501

_.193 37.3 _,Ou&R73 1,_52_0 0.566

0.199 3_.4 0.u0039_ 1._961 0.689

0,198 30.6 C.0&0265 1,0_535 0.9E1

0.20_ 29.5 0.000230 1,04361 1,10

0.127 14.3 0.000_82 1.00911 1.52

0.119 14,7 0,000725 1.0_706 1,07

3,119 14.9 0.0008_1 1.L_ETS 1.02

0.12u 15.0 0.000875 1._36_8 0.98_

0.121 15,2 0.0009_8 1,9_623 0,95_

0.122 15,4 0.00102 1,00601 0.928

0.123 15.5 5,0_109 1,_581 0,907

0o1_4 15.7 0.0011E 1.00563 0.889

0.125 15.9 0,00123 1,_]5_? 0.873

0.12o 16.0 0,0013& 1,09531 _.869

0.127 16.2 0.00132 1,CJ517 0,846

3.128 16.W 0.0014_ 1.00503 0.835

3,134 17.2 a.0618_ 1._]4_8 0,795

0.141 18.1 0.00216 1._]405 0,769
0,147 18.9 0.00252 1.u_370 0.752

0,153 19.8 0,00290 1._03_2 a.740

0.1_9 20,6 0,00328 1,_0318 0,231

0.165 21,4 0,003F8 1,_0297 0.724

6,171 22.1 0.00408 1,00279 0.219

J.176 22,9 0._0450 1,_J264 0.216

_.187 24,4 0.00536 1._3237 0.711

0,197 25,8 0,00626 1.00216 0.708

0,207 _7,2 0,00721 1.30J98 0.?06

0,217 28,6 0.00819 1.6_183 0.?05

0.226 29,9 0.009_2 I.CJI?O 0.705

_.235 31.2 a,0153 1.0_159 0.705

_.24_ 32.4 _.0114 1._.150 0,7_5

0.252 33.6 0.0125 1,0_141 0.706

0._60 34.8 0.0137 1,3013_ 0,716

_.269 36,0 0.0149 1.00122 0.706

_._76 37.1 G,0161 1,0_121 0.707

0.28_ 38.2 0.017_ 1,0_115 0,707

0,292 39.3 0,0187 1,_Jl1_ 0,708

0.299 40,_ O.OZCI 1,0_105 0.708

_.3uT _1._ 0.0214 _.J3101 0.709
0,31_ _2.5 0,02_ 1.00097 0°?_9

0,328 44°5 6,_258 1._J093 0.7_9

0.34_ 46.5 0,0288 1.0_8_ 0.210

3,356 _8._ 0.032_ 1.J3_79 0,710

0.369 50.2 &.035_ 1._07_ 0.710

0.382 52.0 0.0387 1._070 0._10

0.395 53.8 0.0_23 1.0_066 0.210

0,_60 55.5 0,04oC 1.0J063 0,710

_,438 59.? G,0557 1,0_56 0.709

0.468 63.7 0.0661 1°0)050 0,7_8

3._98 67,5 _.07?_ 1.)_J_6 O,?&6
0.SZB 21,2 0.0891 1o_J_2 0.?0_

0.55_ ?4,8 0.102 1,0]_39 0.713

0.581 78,3 G,11S 1,]_036 O.?E1

0.6_8 81,8 0.12_ 1,0033_ 0.699

0.634 85,1 0.143 1,:3332 0.697

0.686 91.6 G,17_ 1.C_8 0.69_

0,736 97,8 0,208 L.:J_25 0.691

0,866 111,0 0.302 1.00J20 0.673

0,969 1_5,0 0._11 1,00012 0,670

1,00 139,0 0.532 1._01_ 0.668

1.18 151.0 0,666 1.&0013 0,6E7

1.28 164,0 0.811 Io00011 0.666

1.37 126,c _.968 1,0J_1_ 0,666

1._6 188.0 1.13 1.0]009 0.667

1.55 199,a 1.31 1.0_0_8 0.6E9

1.?2 222.0 1,70 1._3_07 0.668

1.89 243,0 2.13 1,03006 0.668

2.05 264.0 2.60 1.03V06 0.668

2.21 284.0 3.11 1,_005 &.668

2.51 322.0 _.24 1,03_04 G.667

2.80 359.0 _.52 1.0300_ 0.66?

3.07 39_.0 6,93 1.3:J_3 0.06T

3.3k k28o0 8,47 1,3_003 G.666

3.60 _62.0 10,1 1,0_033 0.666

3.85 494.0 11.9 1,03002 0.666

4.10 525.0 13.9 1.0000_ 0.666

4.3_ 556.0 15,9 1,0_00_ 0.666

_.57 _86._ 18.C 1,_U0_2 _.666

_,8£ 615.0 20,3 1,0_02 0.666

• TNO-PNASE BOUNDARY

"" NUMBERS IN TdI5 COLUMN HAVE BEEN MULTIPLIEC BY THE INOICATEO FACTOR



THERMODYNAMICPROPERTIESOFHELIUM W

1,6 ATMOSPHERE 1503AR

TEMPERATURE VOLUME ISOCHCRE INTERNAL ENT_ALPY

CC/G DERIVATIVE ENERGY

OEG, K _ K .01 ATMIK JIG JIG

4 2.163 0.06691

2,5 O,OblIO 209,0 2.63 3,837 4.931

3,0 0.06904 429,0 3.48 4.846 5.966

3.5 0.02145 333*0 1,86 6,090 ?.248

4.0 0.d7524 2Z9,0 3-93 7,676 8.896

4.2 0.08214 119.0 3.60 9.873 11.20

= 4.764 0.08_02 54.5 3,I6 11.64 13.10

4,764 0.3_I1 19.0 0.581 23,42 28._8

5.0 0,N192 35.9 0.5N5 25,25 32.05

5.1 0.4_46 R1,5 0.510 25,86 33.06

5.2 0._6_0 N6.5 0.402 26.41 34.00

5.3 0._9_1 21.2 9.458 26,92 34,_?

5.4 0.2111 55.6 0._37 27.41 35.?0

5.5 0,5312 59.8 0.w19 27.8_ 36-50

E.6 0.5507 63,8 0,403 28.34 3T.26

5.T 0.5696 57.6 0.]08 28.78 38.01

5*8 0.56_0 21.3 0,275 29.20 38,74

5.9 0,6060 7_.9 0.363 29-22 39.45

6.0 0.623b 20.4 0._52 30.03 _0.14

6.5 0.T077 94.6 0,307 31.90 _],46

7,0 0.7_0 109.0 0.225 ]3,83 46.59

7-5 0.8614 123,0 0._49 32.2? 49.6?

8.0 0.9127 137.0 0.225 37.36 52.56

B,9 1.010 150.0 0.211 39.07 55.45

9.0 1.082 162.0 0.197 40.76 58,30

9.5 1.153 I25,0 0.185 42,43 61.12

10,0 1.221 187.0 0,174 WH.Oq 53.91

11,0 1,360 210.0 0._5_ 47.37 29.42

12*0 1.496 233.0 0.141 50.61 74.07

I],0 1.631 256,0 0.129 53.84 80.29

14,0 1,7b_ Z28,0 0,119 57,05 85.6?

15,0 1.89_ 300.0 0.1t1 60.25 91.03

16,0 2.051 322.0 0.103 63._5 96°38

17.0 2.163 344.0 O.u9E8 66.6_ 101.T

18,0 2,2_5 355.0 0,0912 6g.81 107.9

19.0 2._2o ]87.0 0,08E1 72.98 112-3

20.0 2.557 _08.0 0.0016 ?6.15 117.6

21.0 2.65_ _3E.0 C,5776 79.31 122.9

22.0 2.$I_ 451.0 0,0739 82.4E 120.1

23.0 ?,9_ 422.0 C.0756 85.62 133.4

24.0 3,028 N93.; _._676 88,77 130.2

25.0 3.20_ 514.0 0.02_8 91.92 I_3.9

26.0 3,5_ 535.0 0,9622 95.06 149,?

28.0 3.59? 577.0 0,05?7 t01,3 159.7

]&,O 3._55 619,0 ;.0528 107.6 120._

32.0 _.113 550.0 0.02_4 113,9 180.E

34,0 4,521 102,0 0.0424 1_0,2 _91,0

]E.O _.639 743.0 0.0447 125.4 201.5

38.0 4._d? 705.0 0._23 132.7 211.9

40.0 5.1_ 826.0 0.0_02 130.9 ?22.3

_5.0 5.732 929.0 3.C3_7 15_.6 ?40._

50.0 6.430 1030.0 C.0321 170.? 274,_
55.0 7.372 11_0,0 0.02_1 182.8 300,5

6_.0 7.71_ 1245.0 O.O?E? 201.4 726,5

55.0 0,_55 13_0.0 0._246 217.0 752._

70.0 0.)_7 1_6.0 ;.3229 232,E 32_.5
75.0 9.63_ 1550,0 3.021_ 248.? 404.5

80.0 10._8 1650.0 0,0200 263.8 430.5
9C.0 11.5b 1_50.0 0.0178 295.0 482.4

100.0 12,84 206C.0 G.CI$O 126.2 534.4

125.0 16.3_ 2520.0 0.0128 404.1 664°3

120.0 19,25 30_0.0 _._1C7 402.£ 794.1

175,0 22,45 3500.0 0,_0914 259,9 C?4.m
_00.0 25.66 _110*0 3,G0_00 637.9 105_.0

225.0 _.85 4620*0 0.C0711 715,_ 1104.?

25C.0 _2.06 _130.0 o.nc@40 793.7 1313.0

2?5.0 35.27 5650.0 0.00_82 871,6 1443.C

300.0 38.47 51b0.0 0.0053] 949-5 1573.0

350.0 44.R7 7130.0 0,L0_57 1105.C Ie33,0

400,0 51,25 _210.0 O.Od400 1261.0 2092,0

450.0 57.63 9230.0 0.00356 IW17.0 2352.0
500,0 54.09 10300.0 Go00320 1573.0 2612.e

600.0 75.93 12300.0 0.0_257 1884.C 3131._

700.0 69.22 14400.0 0.00229 2196.0 3ESO.P

000.0 102.5 16_00.0 0.00200 2507.0 4170.0

900.0 115,3 10500.0 0,00178 2019.0 4659.C

IOCO.O 120.2 ZCROC.O 0.C0160 31_1.0 5208.0

1100.0 141.3 2260_.0 0.C0145 3442.0 5728. n

1200.0 153.0 2_600.0 0.00133 372N.0 6247.C

1300.0 156.5 2670G.0 0.00123 4065.0 6766.;

1400.0 175,_ 2_700.0 0,0_114 4372,0 7285,0

120_.0 192.2 30eO0.O 0.C0107 46_9.G 7_05.0

ISOTHERM

DERIVATIVE

CCoATM/G

ENTROPY

JIG-K

1.925

2.305

2.702

3.141

3.683

4.091

7.422

8.052

0.?53

8.500

8.?55

8.902

9,040

9.122

9.?98

9.420

9.5_?

10,02

10.53

10.95

11,33

11.68

12.01

12.31

12.60

13,12

13.60

14.03

14._3

1_.80

15.I5

15,47

15.77

16.05

16o]3

15.59

15.03

17.07

17._9

17.50

17,71

18.10

1_.40

18.80

IR.11

19,41

tq,65

19.96

20.58

21.12

21-62

2?.0?

22,_9

2?o_7

23.23

27.57

2_,73

25.89

26.03

27.64

2_.33

?_.94

2q._9

?o°9_

3(.43

31,93

32.5_

_3.09

34.03

34.83

3_,53

35,14

3E.69

37,1_

32.53

t8.05

3_.43

]_.79

CV

1.041

1.901

2.009

2.255

2.455

2.633

3.303

].290

3,264

3.242

3.224
3.209

3.195

3.1_4

3,1?4

3,166
3o158

3.15_

3.130

3.119

3.113

],110

3.110

3.110

3.110

3.111

3.113

3.114

3.116

3,112
3.118

].119

3.119

3,120

3.120

3,12_

3,120

3,120

3.1?0

3.120

3.120

3,120

3.120

3.120

3.12n

3,119

3.119

3°119

3.119

3*119

3.11_

3,118

_,118

3,11_

3o118

3.112

_,117

3,117

3.112

3.112

3.117

3.116

3.11_

_,116

3°1i_

3.116

3.116

3.116

3,116

3.116

3,116

3.11_

3o116

3.116

3,116

3.116

3,115

3.116

3,116

3,115

3-116

JIG-K

CP

1.998

2*309

2.qo0

3.798

5.820
9.?63

17.21

10.65

9.678

9,_05

8.50?

8*122

?.814

7.561

7.351

7o173
?,020

6.887

6.422

5.144

5.961

5.03?

5,737

5-663

5.606

5. 559

5.492

5°_43

5.406

5.3?7

5.354

5.33_
5,318

5.304

5.292

5.283

5,274

5.262

5.250

5.255

5.250

5.246

5.2]8

5.232

5.227

5.223

5.220

5.212

5.214

5.210

5._06

5.204

5.202

5.200

5.199

5.198

5.195

5,196

5.156

5.195

5.194

5o194

5.193

5,193

5.193

5.193

5.193

5.193

5.193

5.193

5o19]

5.193

5.193

5-193

5.193

5.193

5.193

5.193

5.193

5.193

5.193

VELOCITY

OF SOUNC

M/3

236.5

Z29.8
216.3

197o?

168.4

143.1

99-09

108.5

111.6

11W.4

112.0

119.4

121,?

123.9

125,9

127.9

129.8

131.7

140.2

147.8

154.8

161.2

167.3

173.0

178,5

103.0

19]*_

203.1

212.C

220.4

228.5

236.2

243,7
ZSO.q

25?-8

26N.6

271.2

277._

283.9

290.0

295.0

301-9

]13.2

324.2

334.8

345.0

355.0

3E_.5
374,1

395.P

417.9

43_.2

457.5

476.1

493._

511.1

527.8

559.6

589-8

659.1

721.7

779*3

833.0

883.N

931.1

976.4

1020.0

11o1.0

1127.0

1249.0

1316.0

1442,0

1952._

IEEW.O

1265.0

1061,0

1q52.0

2030.0

7122.0

_202,0

2279.0

TWO*PHA_E EOUNOARY

_= NUHBER5 IN T_IS COLUHN HAVC qEEN MULTIPL]EC RY T_E INCICATEO FACTOR
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THERMOPHYSICAL PROPERTIES OF HELIUM 4
1,6 ATMOSPHERE ISOBAR

TEMPERATURE DENSITY

DEG.K GICC

_* X 106

• 2.I63 1_.9fi

2.5 11.8I

3.0 14,_8

3.5 1_.00

W.O 13.29
4.5 12.17

• W.76_ 11.18

W.764 2.915

5.0 2.386

6.1 2.249

5.2 Z.137

5.3 Z.OWO

5.4 1.957

5.5 1.802

5.6 t.816

5.T 1.756

5.8 1.701

9.9 1.650

6.0 1.604
6.5 1.W13

7.D 1.271

7.5 1.158

8,0 1.066

8.6 0.9097

9.0 0.9Z42

9.5 0.8676

10.0 0.818G

11.0 0.7351

12.0 0.6683

L3.0 0.6130

14.0 0.5665

15.0 0.5267

16.0 0.4923

17.0 0.4_Z3

18.0 0.4358

19.0 0._122

20.0 0.3911

21.0 0.3721
22.0 0.35_9

Z3.0 0.3392

ZW.O 0.3249

Z5.0 0.3117

26.0 0.2996

26.0 0.2700

30.0 0.259_

3Z.0 0.2_31

3_.Q 0.2268

36.0 0.2160

38.0 0.2346

_0.0 0.194_

_5.0 0.1720

50.0 0.1595

55.0 0.1_14

60.0 0.1Z96

65.0 0.1197

70.0 0.1112

75.0 0.1038

80.0 0.09729

90.0 0.00650

100.0 6.&?r86

125.0 0.06232

150.0 0,05195
175.0 0.0_54

200.0 0.03898

235.0 0.03466

250.0 0.03119

275.0 0.02836

300.0 0.02600

350.0 0.02228

W00.0 0.01950

_50.0 0.01734

500.0 0.01500
600.0 0.01300

700.0 0.01115

000.0 0.009753

93J._ 0.000673
1000.0 0.007803

11_0.0 0.037_94

1200.0 0.006503
1330.0 0.0_5003

14_0.0 0.0_557,

1530.0 0.035203

V(DHIDV)p V(DP/OU) v -V(OP/OVI T (DV/OD/Vp

JIG ATH-CC/J AIM I/OEG. K

57.3 9.63 75._ 0.03_9

_1.3 12.6 62.1 0.0559

35.0 13.2 46.5 b.0829

29.5 13.1 30._ 0.129
23._ 1Z,0 1_,_ 0.2_9

18.8 10.8 6.07 0.521
t_.O 6.91 0.555 1.23

16.7 6.9_ 0.857 0.636

17.7 6.95 0.933 0.5_7

18.6 6.96 0.99_ 0.485

19._ 6.96 1.0_ 0.438

20.2 6.96 1.69 0.402

21.0 6.97 1.13 0.372

21.7 6.97 1.10 0.348

22.5 6.9? 1.19 0.327

23.Z 6.96 1.21 0.309

23.9 6.96 1.2_ 0.29_

2_.6 6.96 1.26 0.280
ZT.9 6.95 1.3_ 0.230

31.1 6.93 1.39 0.197

3_.2 6.91 1._3 0,17_

37.2 6.89 1.46 Q.157

b0.2 6.87 1.k8 0.143

_3.1 6.86 1.50 0.131

_6.0 6.84 1.51 Q.1_2
_B.9 6.82 1.53 0.11_

5_.5 6,80 1.54 0.101

60.0 6.70 1.56 _.0907
65.5 6.77 1.57 0.0825

71.0 6.75 1.57 0.0757

76.5 6.7_ 1.58 0.0700

81.9 6.73 1.59 0.0651

87.3 6.72 1.59 0.0609

92.6 6.71 1.59 u.0573

98.0 6.70 1.59 G.654_

103.0 6.69 1.60 0.0511

109.0 6.68 1,60 0,0k85

ttk. O 6.68 1.60 b.0462

119.0 6.67 1.60 0.0_1

125.0 6.67 1.6_ 0o04_

130.0 6.66 1.60 0.0404

135.0 6.66 1.60 0.0388

lk6._ 6.65 1.60 0.0360

156.0 6.65 1.60 0.0335

167.0 6.64 1.61 0.0314

1_7.0 6.64 1,61 C.0295

188.0 6.63 1.61 0.0278

198.0 6.63 1.61 0.0263

2_0.0 6.63 1.61 _.0_5_

235.0 6.62 1.61 0.0222
261.0 6.61 1.61 0._200

287.0 6.61 1.61 0,0182

313._ 6.61 1.61 0.0166

339.0 6.61 1.61 3.015_

365.0 6.60 1.60 0.0143

391.0 6.60 1.60 0.013]

417.0 6.6_ 1.60 0._125

k69.3 6.60 1.60 6.0111

521._ 6.59 1.b_ 0.0100

650._ 6.59 1.60 0.3_799

780.0 6.59 1.60 0.00666

91d.0 6.59 1.6u _.00571

10_0.0 6.59 1.60 0.00499

11_0.0 6.58 1.6u 0.0_44

1300.0 6.58 1.60 0._440_

1430,0 6.58 1.6u _._303

1560.0 6.58 1.60 0.00333

1820.0 6.50 1.60 Q.00286

2_80.G 6.58 1.60 _.00250

23_0,0 6.58 1.63 G.G_222

2600.0 6.58 1.60 0.002Q_

3120.0 6.5_ 1,60 0.00167

36k0._ 6.58 1.5_ =.0_1_3

4160.@ 6.58 1.6& 0.03125

4600._ 6.58 L.6_ 0.01111

5190.0 6.58 1.60 _.0_1_¢

5716.0 6.58 1.60 0.00u903

6230,0 6.58 1,60 6.L0083_

6750.0 6.53 1.6_ 0.00_76)

727].0 6.$8 1.60 _.UOJ714

7790,_ 6,58 1.6_ u.0_667

THERMAL VISCOSITY THERMAL

CONDUCTIVITY DIFFUSIVII¥

MW/CM-K GICM-S SQ-CMIS

_" X lOUCO00

0.169 40.7 0.000572

0.184 39.9 0.000550

0.194 37.8 0.000W78

0.201 3k.9 0.000398

0.201 31.2 0.000283

0,203 28,k 0.013187

0.142 15.2 6.000283
0.127 15.3 0.000_9_

0.125 15._ 0.000576

0.125 15.5 0.000649

0.125 15.6 0.0_0720

0.125 15.8 0.0;0788

0.126 15.9 0.000056

0.127 16.1 _.00_922

0.127 16.2 _.000987

0.128 16._ 0.001C5

0.129 16.5 0._0112

0.130 16.7 b.06118

0.136 17._ 0.00150

0.142 18.3 0.00182

Q.148 19.2 _.00215

0.154 20.0 0.0024_

0.160 20.8 0.0_282

0.166 21,5 0.00317

_.172 22.3 0.G0353

0.177 23.1 0.0039C

3.188 2_.5 0.u0W66

0.198 26.0 0.00545

0.208 27.4 b.0u628

0.218 28.7 U.00715

0,227 30.0 d.OL_[_

0.235 31.] 0.60098

0.244 32.5 3.00954

0.253 _3.7 G.0109

0,261 3k.9 3.012_

0.269 36.1 0.013£

O.ZTT 37.2 0.0141

0.285 38.3 0.0152

0.292 39.4 6.016_

0.300 _0.5 _.0176

0.357 _1.5 _.0188

0.314 4_.5 3.J2GL

0,329 44.6 0.022E

0.343 _6.5 0.0252

0.356 48.4 0.0280

3.369 50.3 0._309

0.382 52,1 0.0339

0.395 53.8 0.0370

d._08 55.6 G,04=2

0,43 r) 59.7 0.0_07

0.465 63.7 3.0579

0.498 67.6 0,0677

0.5_6 71,3 0.078(

0,55_ ?k.9 6.069l

0.501 70._ 0.101

0.568 81.8 6.113

0.635 _5.1 0.126

3.680 91.6 0.183

3.?36 97.9 0.1_2

3.856 111.0 C.2_W

0.970 125.o C.359

1.08 139,6 _.W6b

1.18 151.0 0.5_3

1.20 11_._ 0,710
1,37 176._ G.84?

1._6 188.0 0.953

1.55 199.C 1.15

1.72 222.b I._5

1.89 2_3.0 1.86

2.21 2_.3 2.72

2.51 322., 3.71

2.8C 359._ _._3

3.07 39_.0 _.06

3.3_ _8.J 7.42

1.6t w6Z.O 8._

*.I_ 525.J t2._

W.34 556.0 11,9

DIELECTRIC

CONSTANT

1._5577

1.05450

1._5264

1.0_995

1.0_569

1.0_174

1.31_83

1.00886
1._]835

1.0_793

1.00757

1.03726

1.00698

1._674

1.00651

1.CJ631

1.CJ612

1._2595

1.0J5_4

1.0_471

1.C_429

1.6¸]395

1.C_367

1.03342

1.03_03

1.0_272

1.03248

1.C)227

1._J210

1.0J195

1._187

1.0_171

1.E_161

1.GJ153

1.u]13_

1.CJ131

1.0_I26

1o0J126

1.o_115

1o0_111

1.0_10_

1.03096

1._2090

1.0J085

1.b_080

1.00076

1.33J72

1.C_06_

1._)058

1.333_

I.CJ04w

1._JC41

I.u013_

1.030_6

1.]J_]2

1._3_29

1.C_723

1._.019

1.0JC13

1._312

1.733_7

i.u3_06

1. _Z03

1.JJ_??

1._J632

PRANCTL
NUMBER

0.480

0.501

0.564

0.660

0.905

1.36

1.84

1.28

1.19

1.12

1.06

1.32

0.987

0.959

0.935

0.914

0.89T

0.881

0.026

0.792

_.770

0.7_

0.743

0.73W

0.720

0.723

6.717

0.713

0.711

G.709

0.708

0.708

0.707

0.707

0.708

0.7C8

0.708

0.7_8

G.7C9

0.709

0.7C9

0.710

0.710

0,716

0.711

0.711

G.711

0,710

0.71_

0.709

0.708

0.706

O,TC4

0.7_3

0.701

0,699

0,607

0,69_

0,651

0.673

J,670

G.66_

0.667

0.666

0.666

O.6E?

0.669

0.66_

&.668

0.668

0.667

0.6_7

G,667

0.6E7

0.666

_.666

_,6b6

C.666

0.666

0.6_6

0.666

" TWO-PHASE BOJNOA_Y

_' NUM3_R_ IN T_[S CCLUHN MAVE BEEN MULTIPLIE_ BY THE INDICATEO FACTO_
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THEPMOOYNAMIC PRCPEPTIES CF HELIU _ W

1.8 _TMOSPMERE ISCqAR

TEMPERATURE VCLU_E
CCIG

DEG. K _e x .01

• 2-161 0.06574

2.5 0,06732 519.0

3.0 0,06882 WWO.O

3,5 0.0711_ 3_.0

k.O 0.07476 241.0

k.5 0.0811_ 133.0

• _.911 0.09_71 33.8

• k.911 0.28?8 13.2

5.0 0-32_ Z2.0

5,1 0.355? 29.5

5.2 0.3811 35.8

5.3 0.404_ _1.5

5,4 0.W?58 46.6

5.5 0._459 51._
5.6 0.46_0 55.9

5.7 0._88_ 60.?

5.8 0.5010 6_.3

5-9 0.5182 68.Z

6.0 0.5348 72,0

6.5 0.6133 89.3

7,0 0.6863 105.0

7.5 0.7560 120.0

8,0 0.8_3_ 133.0

8,5 0.889Z 1_7.0

9.0 0.953? 160,0

9.5 1.017 172.0

10.0 1.080 10g.0

11-0 1-Z0_ 208.0

12.0 1.326 231,0

13.0 1._6 25_.0

1_-0 1.555 277.0

15.0 1.68_ 299.0

16.0 1.803 021.0

17.0 1.921 343,0

13.0 Z.03_ 365.0

19,0 Z.156 387.0

20.0 2.27Z _08.0

21o0 2._89 _29.0

2?-0 2.508 kS1.0

23.0 Z.621 WTZ.O

Z_.O 2.738 _93,0

25-0 Z.05Z 51_.0

2&.O 2.96t 535.0

28,0 3.198 577.0

30.0 3.k78 619.0

32.0 3.658 661.0

3_o0 3.887 702.0

36.0 _.117 7_.0

38,0 k,3_6 705,0

W0,0 4,575 827.0

_5.0 5.147 930.0

50,0 5.?18 1030.0

55,0 6,289 11_0.0

BO,O 6.859 12_0.0

65-0 7.43J 13_0.0

70.0 8.000 lq_0.0

75.0 8.570 1550.0

80.0 9,1_0 1650,0

90-0 10.20 1860.0

100,0 11.42 2060.0

125.0 1_,27 2570.0

150,0 17,11 3090.0

175.0 19.96 3600.0

200.0 72.81 _110.0

2_5.0 25.66 _620.0

250.0 28.50 5140.0
275.0 31.35 5650.0

300.0 3_.20 0160.0

350.0 39.89 ?190.0

_00.0 k5,59 0210.0

_50.0 51,2_ _?kO,O

500-0 5&.97 10300.0

600.0 68.36 12300.0

700.0 79,75 19400.0

800.0 91.14 tEhO0.O

900.0 102.5 10500.0

1000.0 113.9 20500.0

1100.0 125.3 22600.0

IZO0.O 136.7 2_600,0

1300.0 1_8.1 2&TOC,O

lk00.0 159.5 2_700.0

1500.0 170.9 3_800.0

ISOTHERM :50CHCRE INTERNAL _NTWALPY ENTROPY

DERIVATIVE DERIVATIVE _NERGY

CC-ATH/G ATH/K J/G JIG J/G-K

2,62 3.822 5,_53 1.918

3._8 k,8?1 6.0/6 2.295

3.88 6*048 7.3_6 2.6_e

3.97 7,605 8.968 3.122

3.68 9.722 II.?0 3.SHE

2.q3 12.68 14.41 N.323

0.8?2 22.8_ 28.09 7.107

O.?ZO _3,09 29.80 7.452

0.65? 24.74 31.71 7.7_2

0.602 25.44 32.39 7.9_0

0.564 26.06 33.W_ 8.160

0.533 26.63 3W.WO 8.339

0.006 27-16 38.30 8o504

0.48_ 27,67 36,15 _.858

0.W63 28.15 36.97 8.802

0._5 28.01 37.7_ 8.939

0.429 ?9.06 38.51 9.089

0._1_ 29.5: 39,_5 9.193

0.358 31.55 _2.73 9.751

0.317 33._E _5-q8 10.?3

0.28E 35.79 _9.07 10,66
0.252 37,06 52.08 11.05

0.242 38.80 55.01 11._0

3-225 40.51 57.90 11.73

0.210 42._0 60.75 12.0_

0.197 43.87 53.5/ 12,33

0.177 _7.17 69.12 17.86

0.160 50.W3 74,E1 13.3w

O, th$ 53.67 80,05 13.77

0-135 56.90 85._& 19.17
0.12_ 60.11 90.84 I_.55

0,117 63,31 96.20 1_.89

0.109 66.50 101.5 11.22

0.103 69.69 106,9 15.52

0.0972 72.87 _12.2 15.81

0.0921 76,0_ 117,_ 16.08

0.0875 79,71 17_.8 16.3_

0.08_3 82.37 128.1 16,56

0.0796 55.53 133,8 10.82

0.07E2 88.68 138.E 17.0&

0.0730 91-83 1_3.8 17,28

0.0701 9_.98 1_9,1 17.46

0.0650 101.3 159.6 17.85

0.0o06 107.6 170.1 18.21

0.0567 113.8 180.5 18.55
0.0533 120.1 lql.o 18.87

0.0503 176,_ 201.5 19.17

0.0476 132,6 211._ 11.45

0.0452 138.9 222.3 19.72

O. OWO1 154.5 240.h ZC.33

0.0361 170.2 274.5 20._8

0.03?8 185.8 300.5 ?1.38

0.0301 207._ 32G.5 21.83

0.0277 717.0 352.5 22.2_

0.0257 232.& 378.5 22.6?

0,0240 2_8,2 q04.5 2_.9q

0,0225 263,8 _30._ 23.32

0.0200 295.0 482.5 23.9_

0.0180 326.2 53_._ 24._8

0.01_ _0_.1 66_._ 25.6h

0.0120 _02.0 794.? 26.59

0,0103 560.0 92_._ 27.39

0.00900 637,9 105_.0 28.08

0,00800 715.8 118_.0 28.70

0.00720 793.7 131_.0 29.2_

0.0005_ _71,6 I&_3,0 79.7k

0.00E00 949.5 1573.0 30.19

0.0081_ 1105.0 1833.0 30,99

0,00_50 1261.0 2092.0 31.68

0.00_00 1_t7.0 ?352.0 32.30

0.00360 1573.0 2612.0 _2.8k

0,00300 188W.0 3131.0 03.79

0,00257 2196,0 3650.0 34.59

0.00225 2507.0 _170._ 35.28

0.00700 2819.0 _689.0 35.89

0.00180 31_1.0 5208.0 3E.Wk

0.0016_ 3_2.0 5728.0 3E.9q

0.50150 375_.0 62_7.0 37.]9

0.0G138 _068.0 ET66.0 37.80

0.00179 h377.0 7285.0 38,19

0.00120 _689.0 7805.0 38.55

CV

1.831

1,898
2.085

2.2_9

2.W53

2.73g

3.387

3.343

3.307

3.277

3.?53

3,233

3.217

3.20?

3.190
3.179

3,170

3,167

3.135

3.121

3,11_

3.111

3.10q

3,109

3,110

3.111

3,117
3,11_

3.110

3.117

3.118

_,119

3.170

3.120

3,120

_,120

3.121

3.121

3,1?1

3.721

3.121

3.121

3.120

3.120

?.120

3.120

3.120

3.120

3.119

3.119

3.119

3.110

3,118

3.118

3.118

3.118

3,118

3.117

3.117

3.117

3.117

3,137

3.11_

3.116

_.116

3o110

3.116

3,116

3.116

3.116

3,116

3,110

3.116

3.116

3,116

3.116

3.116

3.116

3.116

3,11&

3.116

J/G-K

CP

1.983

2.295

2._72

3.7?7

5.508

1_.11

2_.W5

15.94

12.09

11,03

9.99

9.267

8.73_
8.323

7,99_
7.726

T.502

7.312

6,078

6,320

6,091

5.934

5.819

5.?32

5°E_4

5,010

5.532

5,_76

5._3_

5._01

5.375

5.352

5,33_

5.318

5.305

5.79_

5.28_

5.278

5.269

5.263

5.?57

5.252

5.2_

5.237

5.231

5.227

5.223

5.?20

5.217

5.212

5.203

_.205

5.203

5.201

5.200

5.199

5,198

5.197

5.196

5.195

5.19_

5,19_

5. JRk

5,193

5.193

5.193

5-193

5,193

5,193

5.193

5,193

5.193

5,193

5-193

5.193

5,193

5°193

5.193

5.193

5.193

5.193

VELOCITV
CF SOUN_

M/S

230.7

232.2

219-1

201.3

173.9

132.q

98-31

103.C

107,1

119,5

113,6

116,_

118.9
121.3

123,_

125,0

127.9

129.9

_38.9

1_6.8

15 ].9

160.6

I66.7

172.6

170.2

103,5

193.6

203.8

212.0

220,5

228,0

236.3

Z_3.0

251.0

258.0

26_.8

771._

277.8

28_.1

?90-2

296,2

]02.1

313.5

32_-_

335.0

3k5.3

]55.2

3E4.9

37_.3

398.8

_18.1

_38.k

45?.7

_76.3

_9_.1

511,3

528.0

559.8

589.9

059.2

721,9

?79.5

833.1

883,5

931.2
9?6,5

10?0.0

1101.0

1177.0

12_9-0

1316,0

lh_2,0

1557.0

106_.0

1765.0

1061.0

1952,0

2030.0

2122,C

2_02.0

22?9.0

• TWO-PHASE OOUNDARY

• e NUMBERS IN THIS COLUMN HAVE _EEN MULTIPLIE_ BY THE INdICATeD FACTOR



IHERMOPMYSICAL PROPERTIES OF HELIUM

%,0 ATMOSPHERE ISOBAR

TEMPERATURE DENSITY V(OM/OV) V(OPIDUI
p v

OEG, K G/CC JIG ATM-CCIJ
• * X 100

* 2.161 1W.98
Z.5 1W.8_ 50,3 9.6_

3.0 lk,53 _2.1 12.6

].5 1_.06 38.8 %3.3

_.0 13.38 30,3 L3.Z

_,5 12.32 2k.5 12,2

k.911 10,50 1T.I 10.2

• k.911 3,_Tk 13.7 0.98

5.0 3.083 15.0 6.99

5.1 Z.815 1S.Z 7.00

5.2 Z.6Z_ IT.Z 7,00

5.3 Z._73 18.Z 7.01

S._ Z,3_8 19,1 7.01
5.5 2,2W2 19,9 7,01

S.b 2.130 ZO.T 7.02
5.T 2.059 21.5 7.02

5.0 1.990 22.3 7.01

5.9 1.930 23.0 7.01

6.0 1,8P0 23.T ?.01

6.5 1,631 ZT.Z 6,99

7.0 I._37 30.5 6.97

7.S 1.323 33.6 6.95

0.D 1.21_ 36.7 6.93

8.S 1.125 39.T 6,91

9.0 1.069 _Z.2 6,89

9.5 0.9830 _S.b 6.87

10.0 0.9258 bB.5 6.86

11.0 0.8300 5_.2 6.83

12.0 O.TS_ 59.8 6.81

13,0 0.691_ 65.3 6.79

1_.0 0.6386 r0.8 6.77

15,D 0.5935 76.3 6.76

16.0 0.55W5 01.7 5.T_

17.0 0.5205 87.2 6.73

18.0 0._905 92.5 6.72

19.0 0._639 97.9 6.71

20.0 O._W01 103.0 6.70

21,0 0._107 109,0 6.70

22.0 0.3992 11b.0 6,69

23.0 0.3816 119.0 6.68

2_.0 0.365_ 125.0 6.68

25,0 0.3506 130.0 6.67

26.0 0.3370 135.0 6.67

28.0 0.3127 1_6.0 6.66

30.D 0.2917 156.0 6.65

32.0 0.273_ 167.0 6.65

3_.0 0.2372 1T7.0 6,6_

36.0 0.2_29 100.0 6.6_

30.0 0.2301 198.0 6.6_

WO.O 0.2186 209,0 6.63

_.9 5.19_3 235.0 6.62

50.0 0.1T_9 261.0 6.62
35.G 0.1590 287.0 6.61

00.0 0.1k58 313.0 6.61

05,0 0.13_6 339.0 $.61

ro.o 0.1Z50 365.0 6.61

75.0 0.1167 391.0 6.60

80.0 0.139_ _17.0 6.60

90.0 0.09728 _69,0 6.60

100.0 0.08757 521.0 6.60

125,0 0.07009 651.0 6.59

150.0 0.058_3 780.0 6.59

175,0 5.05009 910.0 6.59

200.0 0.0_38_ 10k0.0 6.59

22S.0 0.03890 1170.0 6,59

250.0 0.03506 1300,0 6.58

275.0 0.03190 1_$0,0 6.50

300.0 0.0292_ 1560.0 6.5O

350.0 0*_2507 182_.0 6.50

_00.0 G.0219_ 2060.0 6.58

_50.0 0,01950 23_0.5 6.58

500.0 0.05T55 26U0.0 6.$0

600.0 0.01W63 3120.0 6.58

706.0 O.OtZSk 36_0,0 6.50

800.0 0.01097 k160.0 6.50

900.0 0.009753 _600.0 6.58

1000.0 0.000778 5190.0 6.58

1100,0 0.G07981 5710.0 6.58

1200.0 0.007316 6230.0 6.50

1309.0 0.005/53 6750.5 6.50

lkO0.O 0.0_&_71 72T0.0 6.50

%500.0 0.0_5853 7790._ 6.58

-V(OPIOVI_ (OVIOT_/V

AIM I/OEG,K

77.1 _,O3WO

63.9 O.OSW5

WB.W 0.0_03

32.3 0.123
10,_ 0.22_

3.56 0.823

0.459 1.79

0.677 1.06

0.83_ 0.785

0.9_0 0.6_1

1.03 0.550

t.10 Q._6

1.15 C._39

1.20 0._02

1.29 0.372

1.28 0,3_7

1,32 Q,326

1,35 0.308

1,46 0,2W5

1.53 G.2&l
1.58 0.181

1.65 0.1W8

1.67 0.13_

1.69 0.124
1.71 0.116

1,73 0,102

1.75 0.0916

1.76 _,_632

1.77 0.0763

1.78 _.0705

1.78 0.G655

1.79 b.06L2

1,79 G,0575

1.79 0._5_2

1,8G 6.;513

1.8C _,_87
1.80 0.0_63

1,80 0._2

1.80 0,_23

1.80 0.0_05

1.80 0.038_

1,81 O.03b_

1.81 0._335

1.81 C.031_

1.81 0.0295

1.81 0.0278

1.81 _._b_

1.81 0.G250

1.81 0.0222

1,81 _._182

1.81 b._166

1.81 0.015_

1.81 6.31k3

1.81 0.0133

1.81 0.C125

1.01 0.0111

1.8& 0,0130

1._0 _.Q0798

1.80 0.0@665

1.80 0.00571

1,8Q 0.0_99

1.80 O,CQ_O0

1.80 0.5_Jo3

1.80 0.00333

1,80 0.0_285

1.80 0.0025_

1.80 0.00222

1.80 5.0_2_

1.8C 0.00167
1.80 0.u01_3

1.80 0.0d125

1,80 _._0111

1.8_ G.Q_IJ3

1.0d 0.0009_9

1.80 _._33

1,83 C,U007o9

1.80 0._071_

1.80 G.00066?

THERMAL VISCOSITY THERMAL DIELECTRIC PRANOTL

CONDUCTIVITY DIFFUS[_ITY CONSTANT NUMBER

MW/CM-K G/CM-S SO-CM/S

• " X tG&_O03

0.170 _1.2 O.Qu_577 1,033_2 O.W80
0,185 W_,3 G,0_355_ I,_5_&8 0,501

_.195 38,2 _.00_483 1._5287 0.562

3.2_2 35.4 O.aocwo6 1._3027 0.652

_,213 31,8 3.0_29_ 1,0W626 0,862

0,211 _7.3 3.G&01_l 1.03955 1.83

_.167 16,2 b,00_187 1._12_1 2,38

0.1W4 16._ _.000_9_ 1._11w5 1.77

_.136 16.U _,0uJ381 1,_1JW6 1._9

0.133 16,G D,GGO_5_ %,CJ�?W 1,33

_.131 16.1 0.000531 1.03918 1.23

0.130 16.2 _.00059_ 1.CJ872 1.15

_.130 16.3 0.C_665 1,0_B_2 1.1G

0,130 16.5 0,00_72_ 1,0_798 1,05

@.131 16.6 0.000791 I._T768 1.01

_.131 16.7 _.0_0852 1.3_/W1 0.983

_.132 16.9 O,ODQqI3 1.03716 0.958

J.133 17._ _._3973 1.3]6qM 5.936

0.138 17.8 0.00127 1._J635 0.86_

_,IwM 18.6 0,]3196 1._543 Q.817
0.1_0 19._ _.D&l_ 1._.490 0.788

_.156 20.2 0,6021E 1,_;W50 0.769

3,161 21,Q 0.002w7 1,0J417 0.755

3.167 21,7 O.00278 1.33_89 O,?W5

3,173 22.3 _,0031_ 1,_36W G,737

3,17_ 23,2 0,G_3_3 1,_3W] C.731

_.189 2_.7 O,Q_It 1.03308 0.723

_.199 26.1 D.G@W82 l.uJ280 0.71_

0.2C9 27,5 _,0_556 I,_256 u,/1S

0.21d 28.8 _.00633 i._0237 0,713

0,228 30.1 _,0C713 1,0_22J 0.711

_.236 31._ _._0797 1,C_205 0,710

_.2W5 32.6 _._883 1.0_1_3 0.71Q

Q.253 33.B 0,00972 1.01182 0.709

3.262 35._ O,OIOE 1,0_172 0,709

_.27_ 36.1 J,GliE 1._163 0.7C9
J.278 37.3 0,0125 1.G_135 _,710

3._85 38._ 0.0135 1.;JIM8 0.71J

0.293 39.5 _,G146 I.CG1W1 0.710

_.3_0 _.5 0.013_ 1._135 0.710

J.3_8 Wi.b _,0167 I,C]130 0.710

a.315 _2._ _.017_ 1._1_5 0.710

],3W_ _6,6 J,022_ 1,001_ 0,711

0.357 _8.5 J.02_9 1,3]_01 C.711

J,370 $_,3 0,027÷ 1,03093 0,711

3.383 52,1 _,C_J2 1,CJ_93 G,711

J.396 33,9 0._32_ L,&_R_ 0.711

_.W39 59,_ _.O_3W I._72 0.709

_.W98 67.6 _.0602 I._3_ 0.7C6

3.527 71.3 3._694 I.QJCSW 0.705

3.582 7B,_ 0,a_35 1.]._W3 0.701

_,608 81,_ *,1u5 i,__3_3 0.699

3.635 _3,2 _,112 L,6_WL 0.697

].686 91,6 J,13_ 1,01236 0,69_

_.736 97.9 J.162 1.33032 0.691

_,97J 125,3 u,321 I,C_22 0,670

1.J0 139,_ ]._iw Z.]J_l_ J.66_

1.18 151,0 a,Si8 1,3_016 Q,667

1.28 IOW.u G.631 1,;_.1_ 0,666

t.37 I76.3 0.753 1.JJ_13 C,666

1._0 188,J O._Z _ 1,C]012 0,667

%.55 199._ 1.02 I*b_11 0,669

1.72 222,_ 1,32 i.]]_J3 G,568

L.89 2_3.. 1,6E I,_a_8 0,6_8

2.05 26_,_ 2.02 I,_]O]Z 0,668

2.2% 2_,L 2,_2 I,._i_6 C,667

2,51 322,C 3,3_ I,i_05 0,66?

Z.O_ 359.C _,29 I,.J]L5 6.667

3.07 3q_,O 5,3_ 1,._J_ _.667

3,66 w62,0 ?.a_ i._iS3 0._66

3,85 49_,_ 9,2_ I,CJ]_] 0.666

_,1_ 525,J 16,8 1,__]._ 0,666

W.3W 556,_ 12,W i,iJ_2 G,666

_._7 _86,J l_,u Io.:J_2 0,666

_._C 615,0 13._ I,_J!2 _,666

" TWO'PHASE BOUNOARY

_ NUMBERS IN IMIS 30LUMN HAVE BEEN MULTIPLIED BY THE [NOICATED FACTO_



THERMOOYNAMIBPROPERTIESOFHELIUM k

2,0 ATMOSPHERE ISOBAR

TEMPERATURE VCLUXE ISOTHER_ ISOCHORE INTERNAL ENTHALPY ENTROPY CV

CCIG DERIVATIVE DERIVATIVE ENERGY

DEG. K .4 K ,01 CC-ATH/G ATHIK JIG JIG JIG-K

* 2,159 0.06657

2,5 0.06714 530.0 2.62 3.808 5.169 1.91? 1,821

3.0 D,06859 451.0 3,49 W.?96 6,186 2.206 1,895

3.5 0.0?08_ 355.0 3.91 6,009 T.4kk 2.675 2.081

k,O 0.07431 254.0 _,01 7.938 9,0_ 3.103 2,243

k.5 0,08026 147,0 3,75 9.507 11,21 3,612 2,441

5.0 0.09689 29.4 ?.05 13,20 15.16 k.436 Z.783

5.047 0,1019 16,3 ?.65 13,93 16,00 k.602 2.854

" 5.047 0,23o0 7.01 1.02 21.91 26.70 6.7?0 3.38?

6.1 0.?663 1W,1 0-892 2?.96 28.36 ?.OkB 3.396

5.Z 0.30?5 23.3 0,775 24.13 30.26 7.417 3.317

5.3 0.3300 30.5 0.704 24.98 31.67 7.685 3.286

5._ 0.3535 36-8 0-052 ?5-69 32-86 7.908 3-761

5.5 0.37_6 _2._ C.611 26.33 33.92 8.103 3.2_0

5,6 0,]9_1 _7.6 0.BTB 76,91 3k.09 8.279 3,222

5.7 0._175 52._ 0.550 27.q5 39.81 8.440 3.207

5.8 0.4239 56.9 0.525 ?7.96 36,67 8.591 3.19k

5.9 0,Wk66 61.2 0.503 28.k5 37.50 B.730 3.183

6.0 0,_677 65._ 0.48_ ?8,92 38,30 8.866 3.173

6.5 0,53T2 6_.0 0._12 31.00 41.98 9._56 3.1W0

7,0 0-605_ 100.0 0.362 33.07 45.3k 9.95 3.123

7,5 0,6690 116.0 0,32_ 34.95 k8.52 10.39 3,115

8.0 0,7318 130.0 0.296 36.75 51.59 10,79 3.111

8.5 0.7921 1_4.0 0.?73 38.5? 5k.57 11-15 3.109

9.0 0,8511 I57.0 0.253 _0.25 57,50 11.49 3.109

9.5 0.90)0 170.0 0.236 _1.96 60.38 11.80 3.105

10-0 0.0662 187.0 0.722 43.64 63.2? 12.09 3.110

11.0 1,_70 206.0 0.198 46.56 68,02 12.62 3.112

17.0 1,18_ 230.0 0.179 50.25 7q.3W 13.10 3.114

13.0 1.298 253.0 _.16_ 53.50 79.01 13-54 3.116

Iq.O 1._07 2?6.0 0.151 56.74 85,24 13.94 3.117

15,0 1,51_ ?98,0 0.140 59.96 90,65 14.32 3.118

16.0 1.621 371.0 0.130 63.17 96.03 14.66 3.119

17,0 E.TZB 3_3.0 0-170 66,38 101.9 1_.99 3.120

18.0 1.839 364.0 0.115 69.57 106.7 15,29 3.120

19.0 1,939 386,0 0.108 72.76 112.1 15.58 3.121

20.0 2.0_ _08.0 0.103 75.93 117.q 15.86 3.121

21-0 2.1_9 _29,0 0.0974 79.11 122.7 16.11 3.121

22.0 2.25_ 451.0 0.0928 82.77 120.0 16.36 3.121

?3.0 2,35) 972,0 0.00F6 85.44 133.2 16.59 3.121

24.0 2._6] _93.0 O,OBkB 88.60 138.5 16.87 3.121

25.0 2.56? 514.0 0,0813 91.75 142.8 17.03 3.121

26.0 2.671 536,0 0.0700 9_.qO 149.0 17.2_ 3.121

?_.0 2,873 578,0 0.07?3 101.2 159.5 17.63 3.I71

30.0 3.085 6?0.0 0.06T4 107.5 170.0 17.99 3.121

32.0 3.293 661.0 0,0631 113.8 180.5 18,33 3.121

34,0 3,500 703,0 0.0593 120.1 191.0 18.69 3.120

36,0 3.707 7W5.0 0.0559 176.3 201._ 18.95 3.120

38.0 3.913 786.0 0.0530 132.6 211.9 19.23 3.120

_0.0 _,119 820.0 0.0503 138,9 2?2,3 19.50 3,120

_5.0 _.63_ 931.0 0,0W_6 15W.5 ?4B.k ?C.11 3.119

50.0 5.1_ 1330.0 0.0_01 170.1 ?TW.S 2B,66 3.119

55.0 5,662 1140.0 0,0365 185.8 300.5 21.16 3.119

60.0 6,176 12_0.0 0.03_4 201.4 326.5 21,61 3.1t8

65.0 6.690 13NC.0 9.0308 ?17.0 367,5 27.03 3.210

70,0 7,?_$ 1450.0 0,0286 232.6 378.6 22.W1 3,118

75.0 7.716 1550.0 0,07B7 2_8.2 k04.6 22.77 3.118

80,0 0._29 165C.0 0.0?50 263.8 430.5 27,11 3.118

90.0 9.255 1860,0 0,022? ?95.0 _82.5 ?3.72 3.117

100.0 10,78 ?060.0 0,07_0 326.2 53_.5 24.26 3.117

I75.0 12.5_ 2570.0 0.01£0 qOk. l 66_-_ 25,_2 3.117

150.0 15.4I 3990.0 0,0133 _82,0 7_.? 2E.37 3.117

175,0 17.97 3bO_,O 0.011_ 560,0 97_,1 77.17 3.117

2_0.0 20.53 4110.0 0.0100 637.9 1054.0 27.87 3.117

2?5.0 ?3.09 _620.0 0.00089 715.8 118_.0 28.kB 3-116

250,0 25.66 5190.0 0,00800 793.? 131h.0 ?9.02 3.116
275,0 28.22 5650.0 0.007?7 871.6 1443.0 ?9.52 3,116

300.0 30,?_ 6160.0 0.00667 9_9.5 1573.0 ?9.97 3.116

350.0 35.01 7190-0 0-00571 1109.0 1833,0 3B.77 3.116

400,0 _1.03 _?IO,O 0.00500 1261.0 2093.0 31._7 3.116

_BO.O _0,15 _Bh_,O 0.00_4 1_17.0 7357.0 37.08 3,116

500.0 51.2_ 10100.0 0.00_00 1573,0 2612.0 37,67 3.116

60_,0 61-53 12300,0 0._0333 IBBh. O 3131.0 33.57 3.116

TO0,O 71.73 14400,0 0.00266 2196.0 3650.0 34.37 3.116

800.0 82.03 16400.0 0,00750 ?507,0 _170.0 35.06 3.110

900.0 92.2_ I8500.0 0.00?2? 2819,0 _609.0 35.68 3.116

1000.0 102,5 20500.0 0.00_00 3131.0 5208.0 36.22 3.116

1100.0 112,_ ?2600.0 0.00182 3442.0 5720.0 36.72 3.116

1200.0 123,0 24600,0 0.00167 _75_.0 62_7.0 _7,17 3.116

1300.0 133.3 22700.0 0.00104 4065.0 6766.0 37-09 3.116

1_00.0 193.5 70_0_,0 _,001k3 4377.0 7206.0 37.97 3.116

1500.0 153.8 3U_00,0 0.00133 _609.0 7005,0 38.33 3,116

J/G-K

CP

1.968

2.282

2.046

3,663

5,250

15,93

25.69

N5.30

24.07

15.76

12.70

11.17

EO.tk

9.412

8.873

8.454

8.118

T.843

6.974

6._15

6.232

6.04?

5.905

5.804

5.7B5

5.66?

5.573

5.510

5,463

5.426

5.396

5.371

5.350

5.33_

5.31B

5.305

5.295

5.286

9.277

5.770

5.264

5. Z09

5. 249

5.242

5.236

5._31

5.226

5.223

B.220

5.21_

5.209

5.206

5.204

5.20?

5.201

5.200

5.199

5.197

8.196

5.195

B.I9_

5.19_

5.19_

5.193

5.193

5.193

5.193

5.193

5,193

5. I93

5.193

5,193

5.193

5.193

5.193

5.193

5.193

6.193
5.193

5,193

5.193

VELOCITY

OF $OUNO

HIS

240.8

234.5

2Z1,9

?04.8

17B,9

130.6

122.@

97.65

101.1

105.9

109.7

113,0

115.9

118.6

1ZI.2

123.5

125.8

127.9

137.5

145,7

153.1

159.9

166.?

172.2

177.8

183,2

193.4

203.0

712.0

220.5

228.7

?36.5

244.0

251,2

258.2

265.0

271.6

278.1

284.3

290.5

296.5

302.3

313.7

324.7

335.3

345.5

355-5

365.1

374,5

397.1

418.4

_38.6

Wfi7.5

476.5

494.3

511.5

520.2

560.0

590,1

B59-4

72?.0

779.6

833.?

883.6

931.3

576.6

1020.0

1102.0

1177.0

1749.0

1316.0

1_k2.0

1557.0

1_05.0

1765.0

1861.0

1952.0

2038.0
2122.0

2202.0

2279.0

" TWOlpHASE _OU_DARY

_ NUMBERS IN THIS COLUHN HAVE BEEN MULTIPLIEB BY THE INDICATEB FACTOR



THERMOPHTSICALPROPERTIESOFHELIUM W
E.O ATMOSPHERE ISOBAR

TEMPERATURE DENSITY V(DH/OV) V(OP/DU)
p v

DEG, K G/_C Jl$ ATM-CC/J

_ X 140

Z.[S9 IB.OZ

2.5 1w.8_ 59.3 9.65

3.0 IW,$3 43,Q 12.6

3.5 1_.12 36.S 13.3

W.O 13._6 31.2 13.3

_,5 12._6 29,5 12,3

5.0 10.30 17.0 9.93

* S.0_7 9.814 15.5 9.;6

• $.0_7 ;.236 13.3 7.10

5.1 3.7_5 14.3 7.08

5.2 3.306 15._ 7.07

5.3 3.031 16.0 7.07

B*4 2.829 17.8 7,07

5,5 2.670 18.8 7,07

5.6 2.537 19,7 7.07

5.7 2.;25 ZQ.5 7,07

5.8 2.326 21.3 7.0F

5.9 2.239 22.1 7.06
6,a 2.151 22.9 7.06

6,5 1.8_1 26.5 7.0;

7.0 1.652 29.9 7.02

7.5 1._3 33.1 6.99

8.0 1.366 36.2 6.97

6,5 1.2fiZ 39.3 6.9_

9.0 1.175 42.3 6.92

g,5 1.100 45.2 6.90

10.0 1.035 q8.1 6.89

11.0 0.9273 53._ 6.86
1E.0 0.8Wll 59.5 6.83

13.D 0.7703 69.1 6.81

14.0 0.7109 70.6 6.80

15.0 0.660; 76.1 6.78

16.0 0.6168 61.6 6.76

11.0 0.5788 87.0 6,75

18,0 0.5_5k 92._ 6.7;

19.0 0,5197 97.8 6.73

20.0 0._891 103.0 6.72

21.0 0.4652 109.0 6.71

22.0 0,_36 11_.0 6.70

23.0 0.;240 119.0 6,70

2_.0 0.5060 125.0 6.69

25.0 0.3895 130.0 6.68
26.0 0.37_; 135.0 6,68

28.0 0.3;73 146.0 5.67
30.0 0.32W0 156.0 6.66

32.0 0.3036 167.0 6.66

3_,0 0.2857 177.0 6.65

36,0 0.2698 180.0 6.65

38.0 0.2506 190.0 6.6q

wO.O 0.2_28 209.D 6.6_

_5.0 0.2158 235,0 6.63

50.0 0.19k2 261.0 b,b2

55.0 0.1766 287.0 6.6Z

bO.O 0.1_19 313.0 6.61

65.0 0.1495 339.0 6.61

70.0 0.1388 365.0 6.61

79.0 0.1296 391.0 6.61

00.0 0.1215 417.0 6,60

90,0 0.1061 469,0 6.6_

100.0 0.09727 521.0 6.60

125.0 0.07?86 651.0 6.59

150.0 0.06491 781.0 6.59
175.0 0.05065 911.0 6.$9

200.0 0.06671 1060.0 B.59

225.0 0.0b330 11T0.0 6.59

250.0 0.03893 1300.0 6,59

275.0 0.035;; 1430.0 6.58

300.0 0.032;9 1560o0 6.58

350.0 0.02705 1820.0 6.56

400.0 0,0Z437 2080.0 6.58

450.0 0,0_167 2340.0 6.58

500.0 0.01950 2600.0 6.56
600.B 0.01625 3120.0 6.58

700.0 0.01393 36_0.0 6.5B

800.0 0,01219 4160.0 6.58
900.0 0.01084 5680.0 6.58

1000,0 0.00975; 6190.0 6.56

1100.0 0.008867 5710,0 6.58

1200.0 0.008128 6230.0 6.58

1300.0 0.007503 6750.0 6.58

1;00.0 0.006967 7270.0 6.58

1500.0 0*005503 7790.0 6.58

-V(DP/OV) IDV/OT)/V
T p

ATM IlOEG, K

78.9 0.0332

65.7 0.0531

50.2 0.0779

3_.1 0.118

10.3 0.205

3.0_ 0.939

1.60 1.65

0.297 3._2

0.528 1.69

0.770 1._1

0.929 0.761

1.0_ 0.627

1.13 6.5_0

1,21 0 ._79

1.27 _._33

1,32 0.397

1.37 0.367

1.;1 0.3_3

1.56 0.263

1.66 0.210

1.73 0.188

1.78 0,167

1.81 0.150

1.8; Q,137

1.87 C.127

1.88 0.118

1,91 0.1_3

1.93 b.0926

1,95 0.0839

1.96 0.0768

1.97 6.0709

1.98 _.0658

1.98 0,0615

1.99 0.0577

1.99 0.0544

1.99 0.051_

Z,O0 0.0_00

z.00 0.0;6;

2.05 0.0543

2.00 0.0_23

2.00 G.0_06

2.00 _.0389

2.01 0.5360

2.01 0.0336

2.01 0.031_
2.01 0.0295

2.01 0.6278
2.01 0.0Z6;

2.dl 6.025_

2.01 G.022Z

2.01 0.0200

Z.01 0.0181

2,01 0.0166

2.01 0.0153

2.01 G.0142
2,01 0.0133

2.01 0,0125

2.01 6.6111

2.01 0.0100

2.00 0.00790

2.00 0.00655

2.0V 0.00570

2.00 0.00;99

2.00 0.00544

2.00 0.00399

2.00 0.50363

2.00 0.00333

2.00 0.00285

2.00 0.00250

2.00 0.00222

Z.00 0.00200

2.00 0.00167

2.00 0.001;3

2.00 0.00126

2.00 0.00111

2,00 0,00100

2.00 0.000909

2.00 0.000833
2.00 0.000769

?.00 0,00071_

Z.00 0.000067

THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL
CONDUCTIVITY DIFFUSIVZTY CONSTANT NUMBER

MNICM-K GICM-S SQ'CMIS

*" X 100_000

0.171 _1.6 0.000682 1.05607 0.;80

0.185 _0.0 0.000550 1.05486 0,502

0,196 38.6 0._00_88 1.05310 0,561

0.204 35.8 0.0G0_13 1.05_58 0.64_

0.205 32._ 0.000313 1.0_678 0.829

0.21_ 26.9 0.0@6130 1.03866 2.00

_.23_ 20.9 0.060092_ 1.03674 2.84

0.229 17.5 0.G00119 1.01576 3.;6

0.172 17.1 0.00019G 1.01396 2,40

0.1_9 16.8 0.000286 1.01228 1,78

0.1_2 16.8 0.00_366 1.01126 1.51

0.138 16.8 0.000_37 1.01051 1.36

0.136 16.8 0.00050_ 1.0_991 1.25

0.135 16.9 0.000567 1.009_2 1.18

0.135 17.0 0.000628 1.00900 1.12

d.135 17.1 0.000688 1,00863 1.07

0.136 17.3 0,0_07k6 1.00831 1.03
0.136 17.; G.060853 1.03802 1._0

0,1k0 18.1 0.00108 1.00691 0.900

0.1_6 18.8 0.00135 1.00613 0.8_4

0.151 19.6 0.00163 1.0055_ 0.809

0.157 20,; 0.00190 1.00507 0.785

0.163 21.2 0.00218 1.00W60 0.760

0.160 21.9 0.002_7 1.00k36 0.756

_.17; 22.7 0.00_76 1.03h08 0.746

0.179 23.4 0.00306 1.0_38_ 0.739

0,190 24.8 0.50367 1.003_W 0.729

0.2_0 _6.2 0.00_31 1.00312 0.723
0.210 27.6 0.00q96 1.00285 0.719

0,219 28.9 0.00568 1.00263 0.716

0.220 30._ 0.006kl 1,002;5 O.?lk

0.237 31.5 0.00716 1.0_228 0.713

_.2k6 32.7 0,0079_ 1.Q021_ 0.712

0.25; 33.9 0.0087_ 1.00202 0.711

0.262 35.1 0.60957 1.00191 0.711

0.27_ 36.Z 0.010k 1.00181 0.711

0.2?8 37.3 0.0113 1.00172 0.711

0.286 38.5 0.0122 1.0116; 0.711

0.293 39.5 0.0131 1.00157 0.711

0.301 k0.6 0.01_1 1.00150 0.711

0.358 ;1.6 0.6150 1.0_1;; 0.711

0.315 ;2.7 0.016_ 1.09139 0.711
0.330 ;k.7 0.0181 1.0_129 0.711

0,3;3 ;6.6 0.0202 1.00120 0.711

0.357 ;8.5 0.0225 1.03112 0.712

0.370 50,4 0.02_8 1.00106 0.711

0.383 52.2 0,0272 1.00100 0.711

0.396 53.9 0.0297 1.00095 0.711

0.409 55.6 0.0323 1.00090 0.711

0.;40 59.8 0.0391 1.00080 0.709

0.469 63.8 0.0_64 1.00072 0.708

0,;90 67.6 0.05_2 1.00065 0.706

0.527 71.3 0,0625 1,00060 0.705

0,555 74,9 0,0713 1.00055 0.703

0.582 78._ 0.0806 1.D0051 0.701

0,609 81.8 0.0903 1,030;B 0.699

0.635 B5.2 0,101 1.00o;5 0.697

0.607 91,7 0.122 1.000;0 0,694

0.737 97,9 0.1_6 1.00036 0.691

0,857 111.0 0.212 1,00029 0.673

0.970 125.0 0.288 1.00024 0.670
1.08 139,0 0.373 1,00021 0.668

1.18 151,0 0.;67 1,00018 0.667
1,28 164,0 0,568 1.00016 0.666

1.37 176.0 0.678 1,0001; 0.666

1,;6 188,0 0.79_ 1.00013 0.667

1.55 199.0 0.917 1,00012 0,669
1,76 222.0 1,19 1,03010 0,660

1,89 2;3,Q 1,49 1.00009 0.668

Z.05 26_,0 1.02 1.00000 0,668

2.21 284.0 2.18 I*QuQ07 0,667

Z,51 322.0 2.97 1.00006 0.667

2,80 359.G 3,86 1.00005 0,667

3,07 39h,0 h,05 1._0005 0.667

3,3k ;28.0 5,93 1,0000_ 0,666

3,66 ;62.0 7.10 1,0300V 0,666

3o86 k�_,O 8.36 1.00003 0.666
V,1G 525.0 9.70 1,00003 0,666

4.3; 556,0 11.1 1,00003 0,666

4.57 586.0 12.6 1,00003 0.666

_.90 615,0 1_.2 1,00002 0,666

" TWO-PH45E BOUNDARY

_ NUMBERS IN TqIS COLUMN HAVE BEEN MULTIPLIED 8Y THE INDICATED FACTOR
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THERMOOYNAHICPROPERTIES OF HELIUM 4

2.1 ATMOSPHERE ISOBAR

TENPERATURE VOLUNE ISOTNERH ISOCMORE

CCIG OERIVATIVE DERIVATIVE

DEG. K o, X .01 CC-ATH/G ATH/K

• 2.158 0,0664g

2.5 O.06FOS S3Y.O 2.62

3.0 0.06849 456.0 3.49

3.5 0.0?070 361.0 3.92

4.0 0.07410 260,0 4003

4.6 0,07905 153.0 3.79

S.O 0,09469 38,9 Z.96

S.1 0.1062 10.4 2.51

• 5.112 6.1074 9.ZZ 2.47
" 5.132 0.23_3 3,86 1.16

5.2 0.Z617 15.8 0.906

S,3 O.Zg4S 24.4 0,797

5,4 0.3202 31.5 0.717

S*S 0.3425 37.6 0.674

5.6 0.$626 43.Z 0.633

5.7 0,3612 48.3 0.599

5.8 0.3987 53.1 0,570

S.9 0.4154 57*7 0.BWS

6.0 0.4314 62-0 0.522

6.5 1.5044 81.3 0.440

7*0 0*5706 98*2 0,386
7.5 O*6$zg 114.0 0.345

B.O 0.6926 128.0 0.314

8.S 0.7506 142.0 0.200
9*0 0*8071 155.0 0,267

9.5 0.8626 168.0 0.249

10,0 0.91r4 181.0 0.234

11.0 1.0ZS 205.0 0.209
12,0 1.130 229,0 0.189

13.0 1.Z35 ZBZ.0 0.172

14,0 1,338 275,0 0.159

15.0 1.441 Z98.0 0.147

16,0 h543 320.0 0.137

17,0 1,645 342.0 0.128

16,0 1.746 364.0 0.121
19.0 1.846 386.0 0.114

ZO,O 1.947 408.0 0-108
21.0 Z.Okt 429.0 0,102

22*0 2,1_7 451.0 O,09TS

23.0 2,246 472.0 0.0931

24.0 2.346 493-0 0.0891

25.0 2,44S 914.0 0,08S4

26*0 2.$44 536.0 0.0820

26.0 2.742 578.0 0,0760

30.0 2.940 620.0 0,E708

32.0 3,137 662.0 0.0663
34,0 3.334 703.0 0.0623

36,0 3.531 745.0 0*0586

38.0 3.727 787.0 O.OSS6

40,0 $.BZk 828.0 0,0520

45.0 4,414 932.0 0.0469

50.0 4.904 1030.0 0.0421

95,0 5.394 1140.0 0.0363

60.0 5.883 1240.0 0.0351

6S.0 6.372 1340.0 0.032_

TO,O 6.661 1450.0 0,0300

75.0 7.350 1550,0 0,0280

80.0 7,838 1650,0 0.0Z63

9000 8,615 1060.0 0.0233

100.0 9.792 2060.0 0,0210

125,0 12.23 2680.0 0.0168

150.0 14.67 3090.0 0.0140

175.0 17.11 3600.0 0-0120

200.0 19.56 4110.0 0.0105

226.0 22,00 _630.0 0.00933

250.0 24.44 5140.0 0.00640

275.0 26.68 S6SO.O 0.00764

300.0 29,32 6160.0 0,00700

350.0 34,20 7190.0 0.00600

400.0 39,08 8210,0 0.00525

450.0 43.96 9240.0 0.00467

BO0.O 46.64 10300.0 0.00420

600.0 58.60 12300,0 0.00350

700*0 68.36 14400.0 0.00300

600*0 78.12 16400.0 0.00262

900.0 67.88 16500.0 0.00233

1000.0 97.6S EOSO0*O 0.00210

1100.0 107.4 22600.0 0.00191

1200,0 117.2 24600,0 0.00175

1300,0 126.9 26700,0 0.00162

1400,0 136,7 26700.0 0.00150
1500,0 146.5 30800.0 0.00140

INTERNAL ENTHALPY ENTROPY CV

ENERGY

JIG J/G J/G-K

3.002 $*229 1.908 1.016

4.704 6.242 2.201 1.694

Y.99_ 7.494 2.669 2.000

T.Y06 9.083 3.094 2.2_0

9.$25 11.22 3.g96 2,_36

12.92 14,94 4.371 2.756

14.55 16.81 _.746 2.915

14.73 17.02 4.781 2.930
21,16 25.59 6,_5_ _.368

23.17 26.74 7.070 3.337

24,29 30,56 7._16 3,303

25.13 31.95 ¸ 7.676 3.275

25.85 33.13 7.094 3*292

26.48 34*20 8.086 3.233

27,06 35.17 8.259 3.216

27.61 36.09 0.418 3*202

28.12 36.96 8,567 3.189

28.61 37.79 8,707 3.179

30.85 41.$8 9.314 3,143

32°87 4B,01 9.823 3.125
34*77 48*24 10.27 3.115

36.60 51.34 10.67 3.111

38.38 5_,35 11,03 3.109

40.12 57.29 1J.37 3.109

41.04 60.19 11-68 3.109

43.53 63.05 11.96 3.110

46.86 68,67 12.51 3.112

50.16 74.21 12.99 3.114

53.42 79.69 13.43 3.116

56.66 85.1_ 13.84 3.117

59.89 90*S§ 14.21 3.119
63-11 95.94 14.56 3.120

66,31 101.3 14.88 3,120

69.61 106.7 15.19 3.121

72.70 112.0 15.40 3.121

7§.88 117.3 15.75 3.121

79,06 122.6 16.01 3.121

82.23 127.9 16.26 3.121

89.39 133.2 16.49 3.121

88.55 138.S 16,72 3.121

91,71 143.7 16.93 3.121

94.87 149.0 17.14 3,121

t01,2 159.5 17.53 3.121

107,S 170.0 17,89 3.121

113.7 180.5 18,23 3.121

120.0 193.0 18.54 3.121

126-3 201-_ 18.84 3.120

132,6 211.9 19.13 3.120

138.0 222.3 19.39 3.120

164.5 248._ 20.01 3.120

170.1 274*5 20.56 3.119

185.7 300*5 E3*05 3.119

201.4 326,S 21.51 3,119

217,0 392.6 21.92 3.118

232*6 378,6 2E*31 3.118

248.2 404*6 22*67 3.118
263.8 430,6 23.00 3.118

295.0 482.6 23*62 3.118

326*2 534.S 2_.16 3.117

404.1 664,k 25*32 3.117

402*0 79_.3 26.27 3.117

560-0 924.1 27.07 3.117

637,9 1054.0 17.76 3.117

7tS.8 1184.0 28.38 3.116

793.7 1314.0 28,92 3.116

871.6 1443.0 29._2 3.116

949.5 1573.0 29.87 3.116
1105.0 1833,0 30*67 3.116

1261.0 2093.0 31.36 3.116

1417.0 2352.0 31.98 3.116

1B73,0 2612°0 32.52 3,116

1884,0 3131.0 33,47 3.116

2196.0 3650.0 34.27 3.116
2507.0 4170.0 34,96 3.116

2819,0 4689.0 35*57 3.116

3131,0 5206.0 36*12 3.116

344E.0 5728.0 36.62 3.116

3754.0 62_7*0 37.07 3.116

4065.0 6766.0 37.48 3,116

4377°0 7286.0 37*87 3.116

4689*0 7865.0 38*23 3.116

JIG-K

CP

1.961

2.275

2.833

3,633

5.151

12.94

38.14

42.46
_2,18

ZZ,ZI

15.43

12.69

12.16

10.15

9.445

8.912

6.495

8.160

7.140

6.620

6.307

6,098

5.950

5.840

5.755

5,688

5.594
5.527

5,477

5.438

5.407

5-380

5.358

5.339
5.324

5.311

5.300

5.290

5.28Z

5.27_

9,268

5.262

5.252

5.244

5.238

5.232

5,228

5.224

5,221

9-215

5.210

5,207

5.205

5.203
5.201

5.200

5,199
5-198

5.197

5.195

9.194

9.194

5.194

S*193

5.193

5.193

5.193
5.193

5.193

5.193

5.193

5.193
5.153

5.393

S. t93
5_193

5.193

5.193

5.193

5.193

5*193

VELOCITY

OF 50UNC

M/S

241.9

235.7

223.2

206.5

181.3

136.2

117.4

116.4
97.65

103.1

107.5

111.1

114.3

117.2

119.9

122.4

124.7

127.0

136.0

1_5.2
152.7

159.6

166.0
172.0

177.7

163.1
193.4

202.9

212.0

220.5

226.?
236.5

244.0
251.3

258,3

265.1

271,7

270.2

264.5

290.6

296,6

302.5

313.6

324.0

335,4

345.7

3S5.6

369.3

374.7

397-2

418.5
438.7

458.1
476.6

494,4

511.6

526.3

560.1

5qO,Z

059.4

722.1

779.7
833.3

883.7

931-3

976.7
1020.0

1102.0

1177.0

1249.0

1316.0

1442.0

1557.0

1665.0

1765.0
186t-0

1952,0

2038,0

2122.0

2202-0

2279.0

+ TW0-PHASE 00UNOARY
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THERMOPHYSICAL PROPERTIES OF NELZUN k
_.I _TMO_P_-ER_ ISOBAR

TEHPERATUR( DENSITY V(ON/OV) V<DP/DU)
p v

OEG.K G/CC J/G OTH-CC/J

• e x 100

2.150 IS,0_

2,S 14o91 59*8 S.66

3.0 14.00 43._ 12,6

3,S 1_.1_ 36.9 13-3
4.0 13.50 $1.6 13,3

4.S 12.52 26,1 12.4

5,0 10,56 18.0 10,2
5.1 9._14 14.9 9.13

" 5.112 9.313 14.8 5.06

• S.112 4.001 13.1 r,19

5.2 3.022 14.? 7.12
5.3 3.396 16.0 T*11

S.4 3.123 17.2 ?*10

5*5 2.920 10.2 ?.10

5.6 2.758 19.1 7.1D

5.? 2.623 20.0 7.10

T.8 2.500 20.8 ?.10

5.9 2._07 21,7 7,09

6.0 2.310 2Z.4 7.09

6.5 1.902 26.1 7,07

7.0 1.7SZ 29.6 ?,04

7.5 1.500 32.8 7.01

8.0 1,44_ 36.0 6.99

6.5 1.332 39.0 6.90

9.0 1.239 _2.1 6.94

9.5 1,159 _5.0 6.92

10,0 1.090 40.0 6.90

11.0 0.9759 53.7 6.07

12,0 0.804? 59*4 6.05

13,0 0-8099 65.0 6,83

14.0 0.74?2 70,5 6.81

15.0 0.6940 76.0 6.79

16.0 0.6480 01.5 6,??

17.0 0-6080 07.0 6.76

10.0 0*57Z0 92.4 6.75

19.0 0.5416 97.8 6,73

20.0 0.5136 103.0 6.72

21.0 0.4005 109.0 6.72

22.0 0.4650 114.0 6.?1

23.0 0.4_51 119,0 6.70

2_.0 0._263 125-0 6.69

26,0 0*_090 130.0 6.69

26.0 0.3930 135.0 6.60

20,0 0.3647 146.0 6.67

30-0 0-3401 156-0 6.6T

32.0 0.3108 167.0 6,66

3_.0 0,2999 177.0 6.65

36.0 0.2832 188.0 6.65

38.0 0-2683 198.0 6.64

40.0 0.2540 ZOg,O 6.64

_5,0 0.2265 235.© 6.63

50.0 0-2039 261,0 6,63

55.0 0.1854 207.0 6.62
60.0 0.1700 313,0 6,62

66,0 0.1569 339.0 6,61

70-0 0-1451 366.0 6,61

75.0 0.1361 391.0 6.61

80.0 0.1276 417.0 6.61

90.0 0.1134 _69.0 6.60

100-0 0-1021 521.0 6.60

125.0 G.0017_ 651.0 6.59

150,0 0.06015 ?01.0 6.59

175.0 0.05043 911.0 6.Sq

200.0 0.05114 1040.0 6.59

225.0 0.04546 1170.0 6.59

250.0 0.04092 1300.0 6.59

275.0 0,03721 1430.0 6-59

30C.0 G*03411 1660.0 6.50

350,0 0.02924 1820.0 6.58

_0_,0 0,02559 2000.0 6.00

_50-0 0-02275 23_0-0 6.$8

5_0.0 0.020_8 2600.0 6.58

600,0 0.01706 3120.0 6.58

700.0 0.01463 36_0,0 6.50

000.0 0,01260 4160,0 6.58

900.0 0.01138 _680,0 6,50

1000,0 0.0102_ 5190.0 6,50

1100.0 0.009310 5710.0 6,50

1200.0 0.008536 6230.0 6.50

1300.0 0.00?8?8 6?50.0 6.58

1400.0 0.007316 72?0.0 E,58

1500.0 0.3_68_0 ?790.0 b.50

(CV/CT)IV
-V(OPIDV) T p

ATN 1/OEG. K

79.7 0.0328

66.6 0.0525

SI. 1 0- 0767

35.0 0.115

19.2 0.197

4.10 0.721

0.9T7 2.56

0.859 2.88

0,185 6.28

0.603 1.51

0.829 9.962

0.902 0.740

1.10 0,614

1.19 0.532

1.27 0,422

1.33 0,428

1.39 0.392

1.44 0-364

1.61 0,273

1,72 0.224

1,80 0.192

1.85 0.170

1.89 0,152

1.93 0.139

1.95 0.128
1.97 0.119

2.00 0.104

2.03 0.0931

2-04 0.0643

2.06 0.0771

2*07 0.0711

2.07 0.0660

2,08 0.0616

2.09 0.0578

2.09 0.0544

2.09 0.0515

2.10 0.0488

2.10 0.0465

2,10 0.0443

2.10 0.0424

2.10 0,0406

2.11 0.0389

2.11 0.0361

Z.11 0.0336

2.11 0.0314

2.11 0.0295

2,11 0.0278

2.11 0.0264

2,11 0.0250

2.11 0.0222

2.11 0-0200

2.11 0.6181

2.11 0.0166

2,11 0.0153

2-11 0,0142

2.11 0.0133

2,11 0.0125

2.11 0.0111
Z-11 0.0100

2,11 0,00790

2,10 0.00665

2.10 0.00570

2.10 0.00499
2.10 0,00444

2,10 0.00399

2.10 0.00363

2.10 0.00333

2,10 0.00285

2.10 0.00250

2,10 0,00222

2.10 O.GD20C
2.10 0,00167

2.10 0.00143

2.10 0.00125

2.10 0.00111
2.10 0.00100

2.10 0.000009

2.10 0.000833

2,10 0.000769

2.10 0,000714

2,10 0,00066?

THERNAL VISCOSITY THERHAL OIELECTRIC

CONOUCTIVZTY DIFFUSI¥ITY CONSTANT

NN/CN-K G/CN-S Sq-CN/S

** X 1000000

PRANOTL

NUNBER

0.171 41.6 0.000584 1.05615 0.480

0.186 41.0 0.000559 1.05495 0,502

0.196 38.9 0.000450 1.05320 0.560

0.204 36.1 0.000417 1.05072 0.641

0,206 3Z.7 00000320 1004702 0.815

0.210 27,5 0,000150 1,03956 1.?0
0.263 2S,Z 0.0000730 1.03522 3.66

0.273 25.0 0.0000689 1.03484 0.09

0,330 18.3 0.0000832 1.01702 4.$6

0.169 12.4 0.000109 1,01421 2,IS
0,161 17,2 0.000260 1*01262 1,76

0,144 17.1 0.000363 1.01t60 1.51

0.140 17.1 0.000431 1,01084 1.36

0.139 17.2 0.000495 1.11024 1,26

0,138 17.3 0.000556 1.00974 1,18

0,137 17.4 0,000615 1,00931 1.13

0,138 17.5 0.0006?2 1.00804 1-08

0.138 17,6 0,000729 1,00860 1,04

0.141 18.3 0.00100 1,00235 0.921

0.146 19.0 0.00126 1.00650 0.858

O*tSZ 19.7 0.001S0 1-00586 0.819

0.156 28.5 0.00179 1.00535 0.T93
0.163 21.3 0.00206 1.00494 0.7?5

0.169 22,0 0,00233 1.00459 0.761

0.174 22-7 0.00261 1.00430 0.751
0.180 23.5 0.00290 1,00404 0.743

0.190 24.9 0.00549 1.00362 0.732

0.200 26.3 0.00410 1.00326 0.226

0.210 27.? 0.00474 1*00300 0.721

0.220 29.0 0.00540 1,00277 0.710

0.229 30,3 0,00609 1.0025T 0.T16

0,237 31.5 0.00681 1*00240 0*T14

0.246 32,8 0.00P55 1.00225 0.713

0.254 34,0 0.00832 1.00212 0.712

0.263 35.1 0.00911 1.00201 0.712

0.271 36.3 0.0099Z 1.00190 0.712

0.270 37.4 0.0108 1.00181 0.712

0.206 38.5 0.0116 1.00173 0.712

0.294 39.6 0.0125 1.00166 0.712

0.301 40.6 0.0134 1.00150 0.212

0,309 4t,7 0.0143 1.00151 0.712

0*316 42,7 0.0153 1.00146 0.712

0.330 44.T 0.0172 1.00135 0.712

0.344 46.7 0.0193 1.00126 0.712

0.357 _8,5 0,0214 1,00110 0.712

0.3_1 50.4 0.0206 1,00111 0.712

0.384 52,2 0-0259 1.00105 0.711

0,396 53.9 0,0283 1,00099 0.211

0.409 55,? 0,030? 1,00094 0.711

0.440 59.0 0.0372 1.00084 0.710

0.470 63.8 0.0442 I.O00?Y 0.708

0.499 67.? 0.0512 1.00065 0.T06

0.52? 71,4 O.OSq6 1.00063 0.705

0.055 75.0 0,0680 1-00058 0.703

0.582 78,4 0.0T68 1.00054 0.701

0.609 01.9 0.0861 1.00050 0,699

0.635 65.2 0.0950 1,00047 0.697

0.607 ?1-7 0.116 1.00042 0.694
0.737 g?,9 0,139 1.00038 0.691

0.857 111.0 0.202 1.00030 0,673

0.970 125.0 0.274 1,00025 0,670

1,08 135.0 0-355 1.00022 0,668

1.18 152.0 0._44 1.00019 0,667

1.28 164.0 0.541 1,00017 0.666

1.37 176,0 0,646 1,00015 0.666

1.46 168.0 0.767 1.00014 0.66?

1.55 199.0 0.874 1.00013 0.669

1.72 222.0 1.13 1.00011 0.668

Z.89 243.0 1.42 1.00009 0*668

2.05 264,0 1.74 1.00008 0.660

2.21 284,0 2.08 1,00008 0*667

2.51 322,0 2,03 1,00006 0*667

2.80 359.0 3-68 1.00005 0.66?

3.07 304.0 4.62 1.00005 0,667

3,34 428,0 5.65 1,00004 0,666

3.60 462.0 6.77 1.00004 0.666

3.85 _94.0 ?-96 1.00103 0.666

4,10 525.0 9,24 1.00003 0*666
4.34 556.0 10.6 1.00003 0*666

_.57 $86.0 12.0 1,00003 0.666
4.80 615.0 13.5 1.00003 0.666

• T_O-PHASE BOUNDARY
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THERMODYNAMIC PROPERTIES OF HELIUM 4

2,2 ATMOSPHERE ISOBAR

TEMPERATURE VOLUME

CC/G

OEG. K 4_ X -01

• 2,357 0,06641

2.5 0.06696 540.0

3*0 0.06838 461.0

3.5 0.02056 387.0

4.0 0.07389 266.0

k.5 0,0?947 160.0

5.0 0.09296 47.6

5,1 0.1005 23.5

5.174 0,1127 2.70

5.124 0,173_ 0.865

5.2 0,2101 6.46

5.3 0.25_2 17.7

5-k 0.2800 25.8

S.S 0.3120 32.6

5.6 0.3331 38,6

5°? 0.3522 _4.1

5.8 0.3699 49.2

5*9 0.3066 54.0

6.0 0._025 58.5
6.5 0._7_5 78-6

?,0 0.5389 95.9

7,5 0*5992 112,0

8.0 0,6569 126,0

8.5 0.7126 141,0

9,0 0.2621 154,0

9,5 0,8204 167,0

1D.O 0.8?30 180.0

11.0 0,9758 20_.0

12.0 1.022 228.0

13-0 1.122 252.0

14.0 1,2T6 ZTS,O

15.0 1.37_ 297,0

16.0 1,472 320.0

17.0 1.569 342.0

10.0 1,666 36_,0

19.0 1,762 386.0

20.0 1.058 408.0

21.0 1.95_ 429.0

22.0 2.049 _51.0

23.0 2.144 472*0

24.0 2,239 493,0

25,0 2,334 515.0

26,0 2._29 536,0

28,0 2.618 5?0.0

30,0 2,807 620,0

32.0 2.995 662.0

34.0 3.183 704-0

36.0 3,321 7_5.0

38.0 3.55_ 787,0

40,0 3,?_6 828.0

45.0 4,215 932.0

50,0 4.683 1040.0

SS.O 5,150 11M0,0

60-0 5.617 1240.0

65.0 6.084 1340.0

70.0 6.550 1450.0

75.0 7.01? 1550.0

BO.O 7.483 1650.0

90.0 0,416 1860.0

100.0 9.348 2060-0

125,0 11.65 2580.0

150.0 14.01 3090.0

175.0 16.3_ 3600,0

200,0 18.6? 4110,0

225.0 21,00 _630,0

250,0 23.33 51_0,0

276.0 25.66 5650-0

300.0 27.99 6160.0

350.0 32,64 7190,0

400.0 37.30 8210,0

_50.0 41.96 92_0.0

500.0 46.62 10300*0

6DO.O 55.94 12300.0

700.0 65.26 14400.0

800.0 7#.52 16400,0

900.0 03.89 18500,0

IOOD,O 93.Z1 20500.0

1100,0 102.5 22600,0

1200,0 111,8 24600,0

1300.0 121.2 26700.0

1400,0 130,5 28200,0

15D0.0 139,8 30000.0

ISOTHERM ISOOHORE INTERNAL ENTHaLPY ENTROPY

DERIVATIVE DERIVATIVE ENERGY
CC-ATM/6 ATM/K JIG JIG JIG-K

2.E1 3.795 5.288 1.905

3.50 4.773 6.?97 2.277

3,93 5.971 7.544 2,663

W,05 7.475 9,122 3.085

3.02 9,465 11.24 3,58t

3.05 12.70 14.?? 4,319

2.72 13.93 16,17 4.595

Z.20 15.94 18.52 5,061

1._2 19.79 23._6 6.045

1.15 21.53 76,21 E.537

0,921 23.41 29.17 7.102

0.816 24,48 30.90 ?,475

O,7kT 25.31 32.26 7,675

0o295 26.01 33°44 7.887

0.653 26-65 34.50 8-075

0.618 2?,23 3S.kB 8,245

0*589 27,78 36.39 8,_02

0,563 28.29 37°2? 8.548

O._?O 30-61 41.18 9.176

0.410 32.67 44.68 9.695

0,366 34,60 _T.R5 10.15

0.332 36.44 51,09 10.55

0.305 38.24 54.12 10.92

0.282 39.99 57.09 11.26

0.263 41,72 60,00 11,57

0.24E k3.42 6Z.08 11.87

0.220 46.76 68.51 12.41

0.198 50.0E 74.07 12*89

0,181 53.33 ?9.57 13.33

0,167 56.58 85,03 13.?_

0.154 59.81 90.45 1_*I1

0.144 63.04 95.85 lk.46
0.135 66.25 101.? 14.T8

0.127 69._5 106.6 15.09

0,119 ?2°64 111,9 15.38

0.113 75-83 117.2 15.65

0.101 79.01 122.6 15.91

0.102 82,18 122.9 16.16

0.0976 85,35 133.1 tE.39

0.09_4 88,51 138.4 16,62

0.0895 91,67 143,7 16,83

0,08E0 94-83 149.0 17.04

0.0796 101,1 159.5 17.k3
0.07k2 107.4 1?0.0 17.79

O.DEQ4 I13.7 180.E 18.13

0.0653 120,0 191.0 18.45

0.0616 126.3 201._ I0.75

0.0583 132.5 211.9 14.03

0.0553 I30.8 ?22.3 19.30

0.0491 154.5 248.4 19.91

0.0442 170.1 274.5 20.46

0,0_01 t05.7 300,5 20.92

0.0327 201-3 326.6 21.41

0.03_9 21?.0 352,6 21.83

0.0315 232,6 378.6 22.71

0.02_4 240.2 40_.6 22.57

0.0275 263.8 430.6 22.91

0.02_5 295.0 _82.6 23.52

0.0220 326.2 53k.5 24.07

0.0176 404.1 66_.4 2_,23

0.01_7 482.0 794,3 _,17

0.0126 560.0 q24.2 _6-97

0.011Q 637.9 1054.0 27.67

0.00978 715.8 1184.0 ?8.28

0.00880 793.7 1314.0 28.03
0.00800 871-6 1443.0 29.32

0.00733 949.5 1573,0 29,?7

0.00628 1105.0 1833.0 30.57

0,00550 1261.0 2093.0 3t.27

0.00k89 1417.0 2357.0 31.88
0.00_40 1573,0 2612,0 32._3

0.0036? 1884.0 3131.0 33.37

0.00314 2196.0 3651.0 34.17

0.00275 2502,0 4170.0 34.87

0.002k4 2819.0 4689.0 35.48

0.00220 3131.0 5208.0 32.03

0.00200 3_k?.0 5728.0 36.52

0.00183 3754.0 6247.0 32.97

0,00169 _065.0 6766.0 37.39

0.00157 _377,0 7286,0 37.77
0.00147 4689,0 7805,0 38.13

CV

J/G-K

1.811

1.892
2,078

2.237

2.431
2.735

2.550

3.046

3.323

3.347

3.319
3.289

3.264

3.2k3

3.225

3.209

3,196

3.185

3.146

3.126

3.116

3.111

3.109

3.108

3.109

3.110

3,111

3.114

3.116

3,117

3,119

3-120
3.120

3.121

3.121

3,121

3.122

3,122
3.122

3.122

3,122

3.122

3.121

3.121
3.121

3.121

3,121

3.120

3.120

3.120

3,119

3.119

3.119

3,118

3.11_

3.118

3,118

3,118

3.117

3.117

3.117

3.117

3.112

3.117

3.116

3.116

3.116

3.116
3.116

3.116

3.116

3.116

3-116

3.116

3.116

3.116

3.116

3.116

3.116

3.116
3.116

CP

1.95_

2.259

2.821

3.60k

5.055

11.28

19.29

132.9

369.6

51.17
20.44

15.00

12.54

11.10

10.14

9.453

8.931

8.521

7.319

6.732

6.385

6.157

5,996

5,870

5.?0?

5.215

5.615

5-5_4

5,_91

5,450

5.417

5.389

5.366

5,346

5.330

5.317

5*305

5,295

5.286

5,2?8
5.271

5.265

5,255
5.247

5.2_0

5.20_

5.230

5.226

5.222

5.216

5.211

5.208

5.205

5.203

5.202

5.200

5.199

5.198

5.197

5.195

5.194

5.194

5,194
5,193

5.193

5.193

5.193

5.193

5- t93

5.193

5.193

5.153

5.193

5.193

5.193

5.193

5.193
5.193

5.193

5.193

5,193

VELOCITY

OF SOUND

M/S

243.0

236,8

224,6

208,2

183.6

141.1

126.9

109.3

98.71

100.0

105-2

109,2

112.7

115.8

118.6

121°2

123.7

126.0

136.1

144.7

152.3

159.3

165.7

171.8

177.5

183.0

193,3

202.9

212.0

220.6

228.8

236.6

244.1

251,_

258.4

265.2

271,0

278.3

28_.6

290.7

296.7

302.6

31_.0

324.9

330-5

3_5.8

355.7

365.4

3?4.8

397.3

410.6

_38.8

458.2

476.7
454.5

511,?

520.4

560.2

590.3

659.5

722.1
779,7

833.4

083.7

931,4

976.7

1020,0

1102.0

1170.0

1249.0

1316.0

1_42.0

1557.0

1B65.0
1765.0

1861.0

1952.0

2038.0

2122.0

2202.0

2279.0

TWO-PHASE BOUNDARY

•_ NUMBERS IN THIS COLUMN HAVE BEEN MULTIPLIED BY THE INOIC_TE0 FACTOR
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THERMOPHYSICALPROPERTIESOFHELIUMW2,ZATMOSFHEREISOBAR

TEMPERATUREDENSITYV(OMIOV)VIDPIOU)-V(DP/DV) T IOV/DT) IV THERMAL VISCOSITY THERHAL DIELECTRIC
p v P CONOUCTIVITY DIFFUSIVITY CONSTANT

DEG.K G/CC J/S ATM-CC/J ATH 1/DEGoK MWICM-K G/CM-B SQ-CM/S

_" X %JO "_ X 1QGC063

w 2.157 15,0@

Z.S 18.93 60.3 9,66 60,6 0.032_ 3,171 W2,O 0.Q00586 1.05622

3,0 lh.62 43,8 1Z.6 67,5 0,U518 0,186 41.Z Q,002561 1.0550N

3.5 14,1T 31,3 13.3 52.0 0,0?56 0.19? 39,1 0,00_493 1.05331

W.O 13,53 3Z,O 13.4 35,9 0,113 0.2_5 36.3 0.000_20 1.050]T

4.5 12,58 Z6,/ 12.5 20,1 0.190 O,Z_7 32,B 0,0003_6 1,0_T25

5.0 10.76 19.2 10,4 6,13 &,595 O.Z_9 28,1 0.00_172 1,G_031

5.1 9,9_6 16.6 9.59 Z.34 1.16 0.221 26.3 C,000115 1._3723

• 5.174 8,496 13._ 8,49 0.230 9.57 0,499 Z3.6 U.OCOcWW2 1.03175

• 5.1T_ 5,T_8 13.0 ?,WG 0,G499 28.4 1,09 19.6 0,00_(510 1,021_9

5.Z 4.759 13._ 7.Z3 0.307 3.75 0,Z51 18,5 6,u6_103 1.01771

5.3 3.87] 15.2 7.16 0.606 1.34 0.167 1T,7 G.000211 1,01_40

5.N 3.4Z3 16,5 ?,1_ 0.896 0.911 9.15Z 17.5 0.000_92 1.01291

5.5 3.205 17.6 T.14 1,05 _*714 2.146 17.5 C._0363 1.]11_1

5.6 3.062 18,5 T.13 1.16 6.599 0.143 17.5 0.00G_28 k.0%115

5.7 2,840 19.5 Z.X3 1,25 0.521 0.141 17.5 O.OGC4BB 1.31_55

5.8 2.1d3 Z0.3 7.13 1.33 0._65 0.140 11.6 _,OGG546 1,0100_

5._ 2.5_T Z1.2 ?.12 1.40 0.821 0.140 17,7 _,ObO_OS I,Cu960

6,0 Z._]_ ZZ,C 7.1Z 1._5 L.387 0.146 17,8 _,000060 1.C0922

6.5 2.108 Z5,8 7,09 1.66 &,28_ 2,143 18.4 _.0J_92_ 1,_a7_2

7.0 1.855 29.2 7,06 1.78 0,230 0,1k7 19.1 0,0_118 1.0_688

7,5 1,6_9 3_,5 7.0_ 1.86 0.196 3,153 19.9 0.00143 1.03619

B.O 1.522 35.7 T.Ol 1.93 0,172 _,158 20.6 _._b169 1._2565

8._ 1.4_3 38.8 6.98 1.BT b.15_ _.16_ ZI._ Q.Q_195 1.LJSZO

_.0 1,30W 4L,9 6.96 Z.01 0.1W0 0.169 _2,1 _,0_2_1 I.G0483

_,5 1,Z19 48.0 6.94 2.QW 0.179 2.175 _2.8 Q.0_248 1.0)hbZ

10.0 1.1_6 WT*8 6.9Z 2.&6 0.12_ 0.18_ _3,6 _,Q_275 I.J_425

11,0 1.U_5 53.6 6.89 2.09 &olQ5 0,191 Z5.O _o00331 1.03389

12.0 0.9284 59._ 6.86 2.12 0.0_36 0.201 76._ G,0039{ 1,203_4

13.0 0.]896 6_.9 6.84 _.14 Q,_]N? 0._11 2l,l O*OOW_I 1.00315

14.0 0,7336 _0.4 6.82 2.15 _.0778 0,2Z0 29,0 0,025%5 1,_Q

_5.0 0.72T6 _6,0 6.60 Z.16 0,Q713 0,229 30,3 0.005_I 1.0C27_

16.0 0.6T93 81.5 6.18 2.17 0.0662 _.Z3B 31.6 u.OG6_ 1._]252

17.0 0.63TZ 86.B 6.77 2.18 0,061l 0.246 32,8 0,0_7_1 1,_3236

IB.O d,6203 9_,3 6.75 Z.19 _.0579 2.255 3W.0 O,6_7B_ 1.0J222

19.0 0,56T5 97.8 6.78 Z,1B 0,054S 0,263 35,2 G,OCOE9 1,05210

20._ 0,5382 103.0 6,?3 Z.19 0,0516 0.271 36.3 G.O_9_? 1.0_19g

Zl,O 0.5118 108.0 6,72 Z.20 0.0469 ].279 37.4 0,_10_ 1,D_190

2Z.O 0.4080 114.0 6.71 2.TO C,_65 Q.Z86 30,5 0.0111 1._0181

Z3.G 0.4663 119.0 6.T1 2,Z_ 0.048_ 2.Z9_ 39.6 0.0119 1.u_173

ZW.O O,WW6S 1ZW.O 6*70 _.2_ 0.0424 0,301 40.? 6.0128 1._165

Z5.0 0.4284 130.0 6.69 Z.20 0.0406 _.3_ 81,7 0._13T 1.0_15_

26,0 0.4117 135.0 6.69 2.21 0.8395 0.316 4Z.7 G.O1Wb 1,_2152

28.0 0.38Z0 146.0 6,68 _.21 0.U361 _.330 44.7 0,Q164 1.0_141

30*0 0.3563 1S6.0 6.67 2._1 0,0336 0.348 46.7 _.0%Bw 1,_J132

32,0 0,3336 16T.B 6.66 2°21 0._314 0,357 48.6 _._Z64 1.03124

34,0 0,31W1 IT?,O 6,66 2.21 O.GZ95 2.371 50.W _.0225 1.0_116

36,0 0.Z_66 18_.0 6.65 2.21 @.OZ?9 0,384 52.2 Q,0247 1,&2110

38,0 O.Z]lO 19_.0 6,65 Z,21 0.026W _.397 5N._ 0.C270 %.C_108

w_._ 0.1669 209._ 6.64 2.ZI 0.0250 0.409 55,? 6.0294 1,025g_

*5.B _.23T3 235,0 6.63 2.21 0.0222 O._W2 59.9 0*o351 1.02038

50.0 0.2136 261._ 6,63 Z.21 O.GZOQ 0.470 63,8 0,0422 1,;J079

SS.O 0.1_W2 28T,_ 6.62 Z.21 0,6101 0.496 67.7 0,0493 1.0_J72

bO.O 0.1730 313,0 6.6_ 2.21 0.0166 0,527 71,N 0,0S69 1.00066

55.0 0.15WW 339.0 6.61 _._1 0.0153 0,555 75.0 0.0649 1.0Q061

ZO,O 0,15?7 365.0 6,61 2,21 G.GIW2 0,562 78.5 0.0733 1.DJOB?

_5.0 O.ZWZ5 391.0 6,61 2.21 0.0133 B,6_g ]I.B C.0822 1,00553

80.0 0.1336 W1_.0 6,61 Z._I 0.01Z5 0.635 85.2 0.09%5 1.S.J49

g@.O 0.1188 469.0 6.60 Z,_I 0.0111 3.687 _1,7 &.111 1.Q_Ow_

100.0 _.lOTO 5_1.0 6.60 Z.21 0.0100 0.737 g?.g 0,i33 1.0_040

125,0 0.0]563 651,_ 6.60 Z.Z1 O.O@?g8 0,067 111.0 0,193 1.00032

150.0 0,0T138 781.0 6.56 _.ZO 0,00665 0.97_ 125.2 0.262 1.G_026

1_5,_ _,0_1Z1 611.B 6.56 _.2_ G*GQSTO 1.08 136._ 0.33_ 1.00023

200.0 0.&)357 1040.0 6.59 2.20 0.00499 1.18 152,0 Q.W2_ I.DG_20

225.0 0.0_763 11_0,_ 6.59 2._0 0.00444 1.Z8 16_,0 0.517 1,00_15

ZBO.O Q,OW_8? 1300._ 6.59 Z.20 _._039g 1.3T 176.u _.616 1.0QJ16

2T5.0 0.03890 1N30.0 6.59 2.20 0.00363 1.W6 166.0 G.722 1.0_01_

300.0 0.03ST3 1560,0 6.58 2.20 0.00333 1.55 1_9.C 0.834 1.02013
35_.D C.03063 1820.0 6.58 2.20 0.00285 1.?Z 222.0 1.08 1._0011

w20,B _.02681 2080.0 6,58 Z.2b 0.b_25_ 1.89 243.0 1.36 1.0_01_

_50.0 0.0238S Z3_O.O 6.58 2.20 0.00222 2._5 264.0 1,66 1.00_09

500.0 0,0Z145 2660.0 6.58 Z.2Q 0,0J200 Z.Z1 _8_.0 1.98 1.00008

600,0 0.01T88 31ZO,O 6.58 2.Zb _,00167 2,51 3_._ 2.7_ 1,OJ_OT

730.0 0.01532 3640.0 6,68 2.70 0.Q01_3 2.80 359.0 3.51 I._6

800.0 0.01341 4160.0 6.58 2,20 0.00125 3.07 3_.0 _._1 1.0_J5

900.0 0.01192 _680._ 6.58 Z.ZO 6.00111 3,3_ _20.0 S,39 1._0_

1000.0 0.01073 $190.0 6.58 Z.ZO 0.001JG 3.60 _6Z.O 6.46 1.420_

1100.0 0.009_$4 $710.0 6,58 Z.20 O.0GQBO_ 3,85 4_4.C 7,60 1.0_004

1_00,0 0.008941 6230,0 6._8 Z.20 0.00_833 _,1_ 525._ 8.82 1.0J0_3

130G.0 0.008253 6750,_ 6.58 Z,_O 0.000?69 4.34 566.0 10.1 1,G_0_3

1400.0 0.00?664 ?_10.0 6.58 Z,2O O,QO_T14 4,5T 586,_ 11.5 1,02703

1500.0 0.007153 7790.0 6,58 2.20 _,000667 _.8_ 615._ 12.9 1.0_0_3

PRANOTL

NUMBER

0.480
0.SCZ

_.560

0.638
0.803

1.52
2.3C

6.29

6.68

3.T7

2.17

1.73

1.5£

1,36

1.76

1.19

1.13

1.08

_.945

0,673

G.830

0.801

0.T81
O.T67

0.?55

C,?_7

0,736

0.?28

0.T23

0,720

O,?IT

0,716

G.71W

0.713
0,713

O.TlZ

O.TIZ
0.T12

O.?IZ

0.71Z

0.712

0.712

0,712

0.712

0.71_

0.712

Q.712

0.711

0.?11

0.710
6.700

O.70T

0.?05

0.703

0.701

0.699

0.69T

0.694

0.691

0.673

0.670

0.668

0.667

0,686

0,666

0.66?

0.66_

0.668

Q,660

0,668

0.667

0,667

0.66T

0,667

0.866

0.666

0,666

0.666

0.666

0,666

0.666

TWO-PHASE BOUNDARY

_ NUMBERS IN T_IS 30LUMN HAVE BEEN MULTIPLIE_ BY THE INOICATEC FACTOR

63



THERMOOYNAMIC PROPERTIES OF HELIUM 6

2-3 ATMOSPHERE ISOBAR

TEMPERATURE VOLUME ISOCHCRE INTERNAL ENTHaLPY ENTROPY

CClG DERIVATIVE ENERGY

DEG- K "" x ,01 ATMIK J/G JIG JIG-K

• Z,156 0.06633

2.5 0.06_58 5W5.0 2,61 3.289 5,3W8 1,902

3.0 0.0632? W6?.O 3.50 6.762 6.353 2,272

3,5 0,0?342 312.D 3.gw 5.953 7.59W 2,652

W.O 0,07369 271.0 6,07 7.6W5 9.162 3,0?6

q.5 0,07910 167.0 3,05 9.60? 11.25 3.567

5.0 0.09162 66.0 3,13 12.90 1;,6h _.276

5.1 0.09763 33.1 Z.06 13.57 15.85 _,513

6.Z 0,1129 5,90 2,33 15,56 18,19 6.965

6,3 0.2173 10.3 1,11 22,13 27.19 6.683

5.6 0.2556 19.8 0.930 23.6? 29.63 7.139

5.5 0.2826 27.W 0.833 2_.68 31,27 7.k60

5.6 0.3051 3_.0 O.?E5 25,_9 32.60 7,680

5.7 0.32_9 39.9 0.713 26.19 33.77 7.886

5.8 O,3;]G _5.3 0.6?] ?6.83 3W.82 8.069

5,9 0.35_9 50.3 0.637 2T,_1 35.79 8,236

6.0 0.3?59 65.0 0.607 27.95 36.71 8,391

6.5 0._670 75.8 0-501 30.35 60.7T 9.0;I

7.0 0°50]9 93.? 0._35 32,66 4_.36 9,571

7.5 0,5685 110,0 0.387 36,_2 h?.E? 10,03

8.0 0.62_2 125.0 0,350 36,29 50.83 10.;;

8.5 0.6791 139.0 0,321 38.09 53.90 10.81

9,0 0.7305 153,0 0,297 39,06 56.88 11,15

9-5 0.7819 166-0 0.270 61.59 59.82 11,67

10,0 0.8329 125.0 0.259 63.31 6?o71 11.76

11,0 0.9313 203.0 0.230 66.60 68,36 12,30

12,0 1.dZ_ 227,0 0.208 _9.97 73.R_ 12.79

13.0 1.12_ 261.0 0.190 53,25 79._5 13.23

1_.0 1.21_ 2T_.O 0.12_ 56,50 8W.RZ 13,66

15,0 1.31_ _97.0 0.162 59.7k 90,35 16.01

1E.O 1._0T 319.0 0.151 6?.97 95-77 1;,36

17,0 1.SOd 3;2.0 D.161 66,19 101.2 1;,65

18.0 1,593 86h.0 0.132 69,39 106.9 1_.99

19,0 1.Ed5 386.0 0.125 72.59 111,9 19.28

Z0.0 1.277 607-0 0-118 75.78 117.2 19.56

21.0 1.85_ _29.0 0,112 76.96 12?,5 15,82

22,0 1,960 _61,0 0,107 82,13 127.8 1E.06

23.0 2.051 _72,0 0,102 85.30 133.1 16-30

26.0 2.1_2 _93,0 0,0977 88._7 138._ 16.52

25.0 2,233 515.0 0,0937 91,63 163.7 1E.7;

26.0 2.32_ 536,0 0,0899 9W.79 168,9 16.95

20.0 2.505 578.0 _.0833 101.1 159-5 17,36

30.0 2,685 620.0 0.0?76 10T,6 170,0 17.?0

32.0 2,065 662.0 0.0726 113.7 180,5 10.06

3_,0 3.065 706.0 0.0683 120.0 190.9 18.35

36.0 3.Z25 7W6.0 0*066; 126.2 201.6 18.65

30.0 3.k05 F_?.O 0.0610 132.5 211.9 16.96

kC-O 3.58_ 829-0 0-0579 138.8 2_2.3 19.2_

_5.0 _.032 932.0 0.0516 196,6 268,6 19.82

50,0 _._80 1060,0 0,0602 170,1 276,5 ?0.3?

55.0 _,92T 1160-0 O.Qk19 185.7 300.9 20.86

60.0 5.37_ 1260.0 0.038; ?01,3 326,6 21,32

65.0 5.820 1360.0 0.03_5 217.0 352.6 21,23

70.0 6.267 1660,0 0.0329 232.6 378.6 22.12

75.0 6.713 1650-0 0.0307 268.2 hOW.6 22,;8

80.0 7.159 1650.0 0,0288 263,8 630.6 _?,81

90.0 8.051 1860.0 0.0296 295,0 602.6 Z3.;3

100.0 8,9_3 2060.0 0,0230 326,2 53_.0 23,97

125-0 11.17 _580.0 0.0186 _06.1 66;.5 25.13

150,0 13.60 3090.0 0.0163 682,0 796,3 26,08

175,0 15,63 3600.0 0.0131 560.0 92;.2 26.88
200.0 17,86 _110.0 0.0115 637.9 1056.0 Z7.58

225.0 20.09 ;630.0 0.C102 715.8 118_,0 20.19

250.0 22,31 61W0.0 0,00920 793.7 1316,0 20.73

275.0 2_.56 5_50.0 0,00836 871.6 1k6;.0 29,23

300.0 26.77 _160-0 0.0076? 9_9.5 1573-0 29.68

350.0 31,23 7190.0 O,ODEST 1105.0 1833.0 30,N8

hOO.O 35,68 8210.0 0.00575 1261,0 _093,0 31.17

;50.0 k0.1_ 92_0.0 0.00511 1617.0 2352.0 31.29

500.0 _.59 10300,0 0,00_60 1573.0 2612.0 32,33

600,0 53.51 12300,C 0.00_83 188_.C 3131.0 33.28

700.0 62,62 1_h00.0 0.00329 2196.0 3051,0 36,08

800.0 71.33 16600.0 0.0020_ 2507.0 k170,0 3_.77

900.0 80.2_ 18500.0 0.00_56 2819,0 6689.0 35.39

1000.0 89.16 20500.0 0,00230 3131,0 5208.0 35.93

11_0.0 98.07 22600.0 0,00209 36_2,0 5728.0 30.63

1209.0 107.0 2_00.0 0.00192 325;.0 62;7.0 36-86
1300,0 115.9 _6700,0 0.00177 k065,0 6766,0 32,30

1600.0 12_.8 28700.0 0.00166 6377,0 7?66.0 37.68

1500.0 133./ 30800.0 0,00153 _689,0 7805.0 38.06

ISOTMERH

DERIVATIVE

CC°ATM/&

CV

J/G°K

1,606

1.851

2.076

2.235

2.;86

2,710

?.815

2.987
3.327

3,301

3._25

3.253

3.236

3.217

3,203

3.191

3,1_9

3.128

3.112

3.111

3.109

3.108

3.109

3.109

3.111

3.113

3.116

3.117

3.119

3.120

3.121

3.121

3.121

3.122

3.122
3.122

3.122

3.122

3.122

3,122

3,122

3,121

3.121

3,121

3,121

3,121
3,120

3,120

3,119

3.119

3,119

3.119

3.118

3.116

3.118

3.118

3.118

3.112

3.117

3,117

3-112

3,117

3.116

3,116

3.116

3,116

3,116

3-116

3.116

3.116

3.116

3,116

3.116

3.116

3.116

3.116

3,116

3.116

3,116

CP

1.9;8

2.263

2,809

3.52r

;.966

10.t;

1;,82

39.78

33.76

18.90

1;,53

12.36

11.01

10.10

9._1

8.98;

7.51_

6.850

6.666

6.217

6.063

5-916

5.818

5.?;Z

5.636

5.561

5.505

5.662

5,628

5.398
5.3?6

5,356
5.33?

5.322

5.310

5.299

5.290

5,282

5,2?5

5.268

5,258

5.2k9

5,2;2
8.236

5.?31

5.72T

5.226

5.212

5.212

5.206

5.206

5.20;

5.202

5.201

5.?00

5.196

5.197

5,195

5.196

5.19;

5,19;

5.193

5.193

5o193

5.193

5.193

5.193

5-193

6.193

5.193

5.193

5.193

5.]93

5.193

5.193

5.193

5.193

5.193

5,193

VELOCITY

OF 50UNC

N/5

266.0

237°9

225.9

209,8

189.9

16_,5

133.0

115.6

102.9

107,3

111,8

11;.3

117,3

120.0

122.6

125,6

135.;

151.9

158,9

165.5

1T1.6

tT7.3

182°9

193.2

202.9

212.0

820.6

228.8

236.6

2;6.?

251.6

258.5

265,3

271.9

278,6

886.7

290,8

?96.8

382.7

31_.1

325,1

335,7
3;5.9

355.8

365,5

3?;.9

397,6

618,7

638.9

658.3

676.8

_9;.6

511.8

528.5

560.3

590-_

659.6

7?2.2

779.6

833.6

083,8

931.5
9?6.8

1020,0
1102.0

1128.9

1269.0

1316.0

1W;2,0

1552.0

1665.0

1765,@

1861.8

1952.0

?038.0

2122.8

2208,@
2279,0

• TWO-PHASE _OUNDaRY

• • NUMBERS IN THIS COLUMN HAVE BEEN MULTIPLIE_ BY THE INOICATED F&CTOR
6_



THERHOPHYSICAL PROPERTIES OF HELIUM W

2.3 _TNOSPMERE ISOBAR

TEMPERATURE DENSITY VIOH/DV) V(DP/DU)
P v

OEG.K G/CC JiG ATM°CC/J

• o X 100

" Z.156 15.00

2.5 16,95 60.8 9.67 81.5

3,0 16.65 b;.Z 12.6 68.;

3.5 16.20 37.7 13,; 52,8

_,0 13.57 32,_ 13,; 36.8

_.5 1Z,BV 27.2 12.6 21.1

5.0 10.93 19.8 10.5 6.12

5.1 10,2k 17.7 9.B7 3.39

5,2 8.659 15.0 8.80 0.8r7

5.3 _.601 16.; 7.26 0._7_

5._ 3.913 15.8 7.20 0.776

5.5 3.539 16.9 7,18 0,970

fi,6 3.278 18.0 7.17 1.11

5.7 3,078 18.9 7.16 1.23

5.8 Z.915 19.9 T.16 1.32

5.9 2.?TB 20.7 T.15 1,;0

6.0 2.6_0 21.6 7,15 1.66

6.5 2.237 25.; 7.12 1.70

7.0 1.951 28.9 T,OB 1.6_

7.5 1.759 32.3 7.06 1.93

B.O 1,602 35,5 7,03 Z.O0

0.5 1.675 38.6 7.00 2.55

9.0 1.369 61.7 6.97 2.09

9.5 1.279 ;k.7 6,95 2.12

10.0 1.201 _7.6 6.93 2.15

11.0 1.076 53.; 6.90 2.19

12.0 0.9723 59.1 6.07 2.21

13,0 0.009_ 6;.B 6.85 2.23

16.0 0,8201 70.3 6.83 Z.25

15,D 0.7512 75.9 6.81 2.26

16,0 0.7106 01.; 6.79 2,27

17.0 0.6655 86.B 6.78 2,28

18.0 0.5277 92.3 6.76 Z.Z8

19.0 0.5936 97.7 6.75 2,29

20.0 0.51Z7 103.0 6.76 Z.Z9

21.0 0.5351 108.0 6.73 Z.30

22.0 0.BLOZ 116.0 6.72 2.30

23.0 00;875 119.0 5.71 Z.30

26.0 0._668 IZk.O 6.71 2.30

25.0 0._78 130.0 6.TC Z.BO

Z6.0 0._30_ 135.0 6.69 2.31

Z8.0 0.3993 166.0 6.68 2.31

30.0 0.372_ 156,0 6.67 2,31

3Z.0 0.3690 167,0 6.67 2.31

3_,0 0.3Z0_ 177.0 6.66 2,31

36,0 0,3101 188.0 6.66 2.31

30.0 0.2937 198,0 6.65 2,31

_0.0 0.2790 209.D 6.65 2,31

;5.0 O.ZkBQ 235.0 6066 2.31
500D 0.2232 ZBt. O 6,63 2.31

55.0 0,2030 287.0 6.62 Z.31

60.0 0,1861 313.0 5,62 Z.31

65.0 0.1710 339.0 6.62 2.31

70.0 0.1596 365*0 6.61 2,31

75.0 0.1690 391.0 6.81 Z.31

03.0 0.1397 617.0 6.61 2.31

B0.0 0012_2 _69.0 6.60 Z,31

100.0 0,1118 521.0 6.60 Z.31

1Z5.0 0.06951 6$1.0 6.60 2.31

150.0 0.07_6z 781.0 6,59 2.31

175,0 0.06398 911.0 6,59 Z.30

Z00.0 0.05500 10N0.0 6.59 2.30

225.0 0.0;979 1170.0 6,59 2.30

250.0 0.0_82 1300.C 6.59 2.30

275.0 0.0;075 1_30.0 6.59 Z.3U

300.0 0.03735 1560.0 6050 2.30

350.0 0.03202 1620,0 6.58 2.30

_00.0 0.02093 2080,0 6,58 2.30

_50,0 0.02_91 23_0.0 6.58 2.30

500.0 0.022_2 Z600.0 6.58 Z.30

600,0 0.01869 3120.0 6.5B 2.3_

700.0 0.01602 36_0.0 6.58 2,30

000.0 0.01602 _160.0 6.58 2.30

900,0 0.012_6 ;680.0 6.SO 2.30

1000.0 0,01122 5190.0 6.58 2.35

1100.0 0.01020 5710,0 6.56 2.30

1200.0 0.009367 6230.0 6.58 Z,3C

1300.0 0.008629 6TSO,O 6.58 2,30

lk00,0 0,008012 72T000 6.58 2.3_

1500.0 0.007_70 7790.0 6.58 2.30

-VIDP/DV) T (OV/DT)/V p

ATM t/OEG.K

THERMAL VISCOSITY THERMAL DIELECTRIC

CONDUCTIVITY DIFFUSIVITY CONSTANT

HH/CH-K G/CH-S SO-CM/S

_ X 1C0000_

PRANDTL

NUMBER

0.0320 0.171 _2.2 0.0_588 1.0563_ 0.600

0.0512 _.187 61.; 0,00_553 1.05513 0.502

0.07_5 J,1B? 39,3 _._5_R95 1._53_2 0,559

0.110 0,2J5 3605 0,00J_23 1,0516_ 0,636

0.183 0.Z08 33.2 0,000332 1._?_7 Q.791

0.51_ J,2_6 26,5 _._C_108 1.G_C_5 1.39

0.8_C _.213 27._ D.00_1_ 1.C3_36 1.88

2,66 _.262 26,_ _.00_7_ 1._3312 3.70

2,35 0.207 16.6 _,060133 1._171_ 3,0_

1,20 J.165 18,0 0,0_0223 1,_1_55 20_7

0,658 0,%53 17,9 0.000290 1._1315 1.69

0.687 0.168 %7.8 0.0_0365 1.01218 1._

0.58_ 0,165 17.8 0.000_27 1,011_3 1.36

0,509 0,163 17.8 0,000_86 1,01_3 1.26
0.;55 0,1_2 17.9 &,CG05;2 1,[1032 1.19

u,;l_ O.tRZ 10.C 0,00_597 1._0_ 1.13

0,296 0.1_ 18.6 _,000_57 1.0_630 0.9_9

D.237 _,1_8 19.3 _.06110 1._072_ 0.889

G,2_0 0o156 20,0 0.001_5 1._652 0._61

0,175 0.159 20.7 O.0_I&C 1,0_59_ 0.810

0,157 0,165 21.5 0.00185 1,095W7 0.708

0.1_2 0.170 2_.2 0,C_210 1._5_8 &._72

0.130 0.175 22,9 _,00236 1.0_7_ G.760

5,121 0,181 23,6 0.00262 1.C_5 0,751

0,106 0,191 25.1 Q._31E 1,_390 C.739

0,09_1 0.2_1 26.; 0,00372 1.C;_60 C,731

0,0850 0,211 27,8 O.O_k_l 1.0_33_ C,725

0,0777 0,220 29,1 G,OOW92 %,C_39_ _,722
0.0715 _02_9 3_._ 0.005_5 1,_ _.719

0.0663 0.238 _1,6 0,0_621 1._0263 _.717

0,0619 0.2;7 32,8 0.00689 1.0_Z_? 0,715

0,0580 0,255 3_.0 0,_759 1,Cu233 G.71_

_._5_6 0,263 35,2 0.Q_0_1 1,C0220 0,716

0.0516 0.271 36.3 0,009L6 _,_2_ _.713

0,_9_ 0,279 37,5 0,00982 _,_19_ C,713

0,5_66 0,287 36.6 0.0166 1._1_9 0.713

0.06_ 0.29_ 39.6 0,0116 1.00181 0.713

O.O_Z_ _,302 _0,7 0,0122 1,G_$73 _,713

0,L_06 _,_5 _1.7 _,_131 1.0]166 Q,712

&.0390 0.316 _2,8 _.0139 1,_J159 0.712

0.0361 0,330 ;;,B 0.0157 1._01_6 0.712

5.0336 0.3_ _6.7 0,617_ 1._136 0,712

0.0316 0,350 k6,6 0.0196 1._129 0,712

0.0_95 _.371 50._ 0,021_ 1._122 0.712
0.0279 0,38_ 5_,2 0.0237 1,_115 0,712

0.026_ 0.397 5_.0 _,0_5_ 1.C_1_ 0.711

0,0250 O,_GB 55.7 0,02_1 1.0_1_3 _.711

0,5222 0._65 59.9 u,&3;L 1,0_0_2 0.710

O.Q20_ 0._70 63.9 0,_ 1,C_:_3 0,708

0.0181 0,699 b7.7 _0_w72 1._075 0,7_7

0,0166 _,527 71,_ _,05_ 1.C;_69 _.?05

0.0153 _,555 75,0 5,_621 1.0]06_ 0,703

0.0162 O,BBZ 78.5 D,07_ 1._059 0,701

0.0133 0.6GB 81.9 _.078_ 1,_;_55 C.6q9

0,51_5 _,636 85.2 _.0875 1.0_052 0,697

0.0111 0,6_7 91.7 G,%_6 1._C_6 0,69_

G,01GO _,737 97.9 _,127 t,_0_1 0.695

0,00798 _,_57 111,0 _.18_ 1,0_33 0,673

0.006o5 0,97_ 1_5.9 _,250 1,_302_ 0.670

0,05570 1.08 139,0 5.32_ 1._CZ_ 0.66_

0.00;99 1.18 152._ _._06 1.0_0_1 0.667

C,00_; 1,26 16_.0 _._B_ 1._21_ _.665

0,00399 1,37 176.0 0.590 1._0017 0,665

0,00313 1.55 199.Q _.798 _,_1_ _,6E5

0,00285 1,72 222.0 1,G; 1,CJ_12 0.666

5,00250 1.85 _3,0 _,30 1,_01_ 0,668

0,00222 2._5 2_.Q 1.58 l*OJ_ 0.6E_

0.00200 2,21 28_._ 1.90 1._]0_8 0,667

5.0_167 2.51 322,_ Z,58 1._J_07 0.667

0,001_3 2.8_ 359._ 3.36 1.0J_6 _.6_7

0,0_125 3,_7 39;.0 _.22 1,C);05 0.667

0.00111 3.3_ 628,0 5.16 1._J_5 0.666

0,001_0 3,60 ;62,0 6.18 1,]_C0_ 0,666

_.001900 3,85 69_.0 7,27 1._._0_ 0,666

0,0_0633 _.1U 525,0 B,_ 1.D0_03 0,666

_,_0769 ;,3; 556.0 9.68 $._J_3 _.666

_.00071_ ;.57 586.0 11.0 1.0_ 0,666

_.000667 _.B_ 615,_ 12._ 1.0_.]3 _.666

TWO-_HASE BODNDA_Y

_" NUNBER$ IN T_I5 COLUMN HAVE BEEN MULTIPLIED BY THE INDICATED FACTOR



2,_ ATMOSPHERE ISOBAR

THERMODYNAMIC PROPERTIES CF HELIUM

TEMPEeATURE VOLUME
CC/G

OEG. K oJ X .01

* 2.155 0,06625

2,5 0.06679 550.0

3.0 0,06017 _72,0

3.S 0.07028 370-0

_.0 0,0?350 277.0

_.5 0,0?975 173.0

5.0 0.09030 63.9

5.1 0.095_6 _1,9

5,2 0,1052 21.2

5.3 0.1572 3.07

5-_ 0.221_ 13-6

5.5 0.2535 22.1

5.6 0,2781 29.2

5.7 0.2901 35.5

5.0 0.3170 _1-2

5.9 Q,3350 _6.6

6.0 0,3_11 51.5

6,9 0._21? 73.1

7.0 0._833 91._

7.5 Q.5_02 108,0

8,0 0,59_3 123,0

8.5 006_5_ 137.0

9,0 0,6970 151,0

9,5 0.7_66 16_.0

IO.D 0,?953 lr8.0

11,0 0*800_ 202.0

12.0 0.9839 227,D

13.0 1.07_ 250.0
1_,0 1,167 2Zk. G

15.0 1.258 29b,0

16.0 1.3_8 319,0

17.0 1._3? 3_1°0

18.0 1*526 36_.0

19.0 1.015 386.0

20.0 1,703 _G7,0

21.0 1,791 _29.0

22.0 1,87_ _51.0

23.0 1.966 _72.0

2_°0 Z.053 M93-0
25.0 2.1_0 515.0

2E,0 Z.ZZ? 536.0

28.0 2°_01 578.0

38.0 2.57_ 620.0

32.0 2.7_7 662,0

3_.0 2.019 ?0_.0

36.0 3.0_2 7_6,Q

38,0 3.26_ T88,0

_0.0 3,_3_ 829.0

_5,D 3.86_ 933.0

50.0 4-29_ 10_0.0

_5.0 _.723 11_0.0

60.0 5.15L 12_0.0

65.0 5,579 1350.0

70,0 6.00? 1_50,0

75.0 6._35 1550.0

80-0 6.862 1650.0

90.0 7,71? 1060.0

100.0 0.572 Z06O.O

125.0 10.7% 2580-0

150.0 12,B_ 3090.0

175.0 1_._0 3600.0

200.0 17.11 _110.0

_2_,0 19,25 _630-0

250.0 21.39 51_0.0

275,0 23.52 5650,0

300.0 25,66 6160.0

3_0.0 29.93 7190.0

_00,0 3_.20 0210.0

_0,0 _0._7 92_0,0

500.0 _2.?_ 10300.0

600.0 51,2_ 17300.0

700.0 59.B2 1_00.0

860.0 6_.36 16WO0.O

900.0 76.90 1_500-0
1000.0 85._ 2D500,0

1100,0 93,90 22600.0

1200.0 102.5 2_C0.0

1300.0 111-1 26700.0

1_00.0 119.6 28700,0
1500,0 128,1 30800.0

ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY

DERIVATIVE DERIVATIVE ENERGY

CC-ATM/G ATMIK JIG JIG JIG-K

Z,61 3.783 5,_07 1.898

3,50 _.751 6,408 2.228

3.95 5,935 7.6q_ 2o651

;.09 7._16 9,20] 3,068

3.08 9.35k 11,27 3.553

3,20 12.3; 1;,53 q. Z3k

2,95 13.30 15.62 _*q_9

2,57 1_,76 17,31 k.776

1,58 19.30 23.12 5,878

1.09 22.61 27.99 6.790

0.938 23.95 30.11 7.180

0.8_7 2k.91 31.67 7._61

0.781 ?5.70 32,97 7,691

0.730 26.39 3k,12 7.891

0,689 27.01 35,16 8.069

0._5_ ?7,59 36.13 8.23?

0,53_ 30,09 k0.35 8.908

0._60 32,25 44.00 9._50

0,_08 3_,2_ _7.37 9.916

0.369 36,13 90.50 10.33

0,338 37.95 53.6? 10.70

0.312 39.73 56.68 11.05

0-290 hl-h? 59-63 11.37

0,272 k3,19 67,93 11.66

0,2_2 _6.56 68,21 12.21

0,218 h9.88 73.00 12.69

0.199 53.16 79.33 13.1W

0.183 56,_2 8_.01 13.5h

0.169 59.67 90,26 13.92

0.157 62.90 95.68 Ih.27

0.i_7 66,12 101.1 1q.60

0.138 69.33 106,_ lh,90
9,131 72.53 111.B 15.19

0.12k 75.7? 117-1 15.N7

0.117 78.91 122.5 15,73

0.112 82,08 177.8 15,97

0,107 85,26 133°1 16.21

0-102 88._2 138.k 16._3

0.0978 91,59 1k3.E 16.65

0.0939 9_,75 lkS.q 16,86
0.0870 101.1 159. h 17-25

0,0810 10T.4 170°0 17,61

0.0758 113,7 100.h 17.95

0.0713 119.9 190.9 18.26

0.0672 126,2 ?Oi.h 18.96

0.0636 132.5 211.9 18.85

0.0604 138.0 222,3 19,17

0.0536 15_.h 2_8.4 19.73

0,0_82 170.1 27_.5 20°28

0,_38 185,7 300,5 20.78

0,0_01 201.3 326,6 21.23

0.0370 216.9 352.E 21.65

0,03_3 232.6 378,6 22.03

0.0320 2_8.2 ;0_,6 ?2.39

0.0300 263.8 _30.6 27.73

0.0267 295.0 _82.6 23.3_

0.02_0 326,1 53k.6 23.89

0.0192 ;0_-1 ES_-5 ?5-05

0.0160 _82.0 79k._ 25,99

0.0137 560,0 92W.2 26.79

0.0120 637.9 105_,0 27._9

0.0107 715.8 118_.0 ?8.10
0.00960 793.7 131_.0 28.65

0.00873 871,6 1_.0 29,1k

0,00800 9_9.5 1573.0 29.59
0.0068B 1105,0 1833.0 30.39

0.00600 1260.0 2093,0 31.09

0.00_33 1h17.0 2352.0 31.70

0.00_80 1573-0 2612-0 32.25

0.00_00 188_.0 3131.0 33,19

0.003_3 2196.0 3651.0 33.99

0,00300 2507.0 _170.0 3_,89
0.0026? 2819.0 _689.0 35.30

0.002_0 3131.0 5208.0 35.8q

0.00210 3_2,0 5?20.0 36.3_

0.00200 375_°0 62_7.0 36.79

0.00185 _065.0 6766.0 37.21

0.00171 k377,O ?206.0 37,59

0.00160 _689,0 7805.0 37.95

TWO-PHaSE EOUNCARY

*_ NUMBERS IN THIS COLUMN HAVE _EEN HULTIPLIED BY THE INDICATED FACTOR
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CV

J/G-K

1.801

1.889

2.07h

2.?32

2,_Z?

2.F02

2.T89

2,905
3.258

3.30?

3.285

3.262

3.2k2

3.225

3.210

3.196

3.152

3o129

3.117

3.111

3.109

3.108

3.108

3,109

3,111

3.113

3.115

3,117

3.119

3.170

3.121

3,121

3.122

3.122

3,122

3.122

3.122

3.122

3.122

3.122

3.122

3.122
3.121

3.121

3.121

3,121

3.121

3.120

3.1?0

3,119

3.119
3-119

3,118
3.118

3,118

3.118

3,118

3.117

3.117

3.117

3.117

3.117

3.117

3.116

3.116
3.116

3,116

3.116

3.116

3,116

3,116

3.116

3,116
3.116

3.116

3.116

3.116

3,116
3.116

CP

1.9kl

2.257

2,798

3.551

k,866
9.321

12.55

71.86

111.7

?6.66

17.57

16. Ok

12.1_

10*90

18.04

9.kll

T.72_

6.97_

6._50

6.279

6,091

9. 955

5.851

5.769

9,657

5.5?8

5.520
5.k7_

5._39

9, hOT

5.382

5.361

5.3N3

5.328

5.315

5.30N

5.29_

5.286

5.775

5.272
5.261

5.252

5.?kk

5,238

5.233

5.?29

5.225

5-218

5,213

5.?09

5.206

5.20k

9.202

5.201

5.200

5.198

9.197

5.199

5.19k

5.19k

5.19_

5.193
5.193

5.193

5.193

5.193

5,193

5,153

5.193

5.193

5.193
5.193

5.193

9.193

5.193

5.193

5.t93

5.193

5,193

VELOCITY

OF SOUNO

MIS

2k5.8

239-0

22?.2

211._

188,0

lk�.fl

138.2

lZk. B

103°2

185.5

109.k

112.8

116o@

118°8

121.5

12_,0

13_.7

1_3.6

151.5

158.6

165.2

171.k

177.2

182.7

193.1

202.6

212.0
220.6

226.9

236.?

2k_.3

251.5

258.6

265°k

272,0
?76.5

28_.6

290.9
296.9

302.8

31k,?

375,2

335.8

3_6.0

356.0

365,6

375.0

397.6

_18,8

k39,1

_58.6

k76-9

k9_°7

512.8

520.6

560.k

590.5

659.7

722°3

779.9

833.5

883.9

931,5

976.8

1020.0

1102.0

1178,0

12k9,8

1316.0

1_k2.0

1557,0

1665.0

1766.0

1861o0

1952,0

2036.0

2122.0

2202.0

2279.0



THERMOPHYSICAL PROPERTIES OF HELIUM k

2.4 ATMOSPHERE ISOBAR

TEMPERATURE DENSITY V(DH/DV) V(DP/OUI -V(DPIDV) T (OV/DT)/Vp v p

OEG. K G¢CC JIG ATM'CC/J ATM I/OEG.K

o_ X 1B0

• 2,155 15.09
2,5 14o9/ 61.3 9.67 82.3 0.0317

3.0 14.67 4_.6 12.6 69.2 0.0506

3.5 14.23 38.1 13o4 53,7 0,0735

k.O 13.61 32.8 13.5 37.7 0.108

4.5 12.70 27.6 12.6 ZZ.O 0.177

5.0 11.0F 20.6 10.7 7._8 0.452

5.1 10.40 16.7 10.1 4.39 0.671
B,2 9.502 16.5 9.30 2.01 1.28

5.3 6.363 13,8 7o6_ 0.195 8.11

5._ 4.517 15.1 7,29 0.615 1.77

5°5 3.9_4 16.3 7.Z; 0.871 1.08

5.6 3.595 17.; 7,22 1.05 0.806

B.7 3.343 16.4 7.21 1.19 0.658

5,8 3.147 19.4 7.20 1.30 0.563

5,9 2,955 20.3 7,19 1.39 0,k96

6.0 2.8_8 21.1 7.18 1,k7 0,445

6.5 Z.371 25.1 7.15 1.73 0.308

7.0 2.069 26.6 7.11 1.89 0.Z_4

7.5 1.85t 32.0 7,06 2.00 G,205

8.0 1.683 35.2 7.05 Z.07 0.178

8.B 1.547 36.4 7.02 2.13 0.159

9*0 1.435 41.5 6,99 2,17 C,lk_

9.S 1.339 44.S 6.97 2,21 0.132

10.0 1.257 47.5 6.95 2.23 0.122

11.0 1.123 53,3 6,91 2.27 0.106

12.0 1.016 59.0 6,89 2.30 0.0946

13,0 0.9293 64.6 6.86 2.33 0.085W

lb.0 0.8566 70,2 6,84 Z*34 0.0779

16°0 0.7949 75.B 6.82 Z.36 0.0717

16.0 0,7_19 61.3 6.80 2.37 0,0665

17,0 0.6958 06.8 6°78 2.38 0.0620

18.0 0.6562 92.3 6.77 2.38 0.0581

19.0 0.6193 97.7 6.76 2.39 0.05_7

20.0 0.5073 103.0 6.75 2.39 6.0517

21.0 0.5584 108.0 6,7k 2.40 O,CW�O

22,0 0.5324 114.0 6.73 2.40 0.0k66

23.0 0,5067 119.0 6.72 2._0 C.Ok_k

24.0 0.4871 124.0 6.71 2._0 0.0k25

25.0 0.4673 130,0 6.70 2.kl 0.0k07

26.0 0.k_90 135.D 6.70 2._1 0.0390

26,0 0.4166 146.0 6.69 2._1 0.0361

30.0 0.3885 156.0 6.68 2._1 0.0336

32.0 0.3641 167.0 6.67 Z._1 0.031_

34.0 0.3426 177.0 6.66 2._1 0.0295

36.0 0.3235 186.0 6,66 2,kl 0.0279

30,0 0.3064 198.0 6.65 2.kl 0.0264

40.0 0.2911 209.0 6.65 2.41 0.0250

45,0 0,2587 235.0 6.64 2.41 0.0222

$0.0 0.2329 Z61.0 6.63 Z.kl 0.0200

55.0 0.2117 287.0 6.63 2._1 0.0181

60.0 0.1961 313.0 6.62 2._1 0.0106

65.0 0.1792 339.0 6.62 2._1 0.0153

70.0 B.166B 365.0 6.61 2.kl 0.01_2

75.0 0.1554 391.0 6,61 2.41 0._133

60.0 0.1457 417o0 6.61 2.41 0.0125
90,0 0.1298 469,0 6.61 2.kl 0.0111

100.0 0.1167 $21.0 6.60 2.kl 0.0100

125.0 0.09339 651*0 6.60 2._1 0.¢0798

lS0.0 0,07786 781.0 6.59 2.kl 0.00665

175*0 0.06676 911.0 6.59 2.40 0.00570

200.0 0.05843 1040.0 6,69 2._0 0.00_99

225.0 0,05195 1170,0 6,59 2,40 0.00_

250.0 0,04676 1390.0 6.59 Z,kO 0.00399

275.0 O.ObZSZ 1430.0 6.59 2.40 0.00363

300,0 0,03696 1560.0 6.59 2.40 0.00333

350.0 0.03342 1020.0 6.58 2.40 0.00285

400,0 0*02924 2060.0 6,58 2*40 0.00250

450,0 0.02600 2340.0 6.5B 2,40 0.;0222

500.0 0*02340 2600.0 6.B8 2,40 0.00200

600.0 0.01950 3120.0 6.68 2.40 0.00167

700.0 0.01672 3640.0 6.98 Z._O 0.00143

80000 0,01433 4160.0 6.58 2.40 0.00125

900*0 0.01300 4660.0 6o50 2,kO 0.00111

1000*0 0.01170 5190.0 6.58 Z.bO 5.00100

1100.0 0.01064 5710.0 6.58 2.40 0.000909

1200.0 0.009?56 6230*0 6.58 Z._O 0.000033

1300.0 0.009004 6750.0 6,58 2.WO 0.000769

1400.0 0*000361 727d.0 6.58 2.40 Q.000714

1500.0 0.007803 7790.0 6.58 2.40 Q.000667

THERMAL VISCOSITY THERMAL
CONDUCTIVITY OIFFUSIVITY

MW/CH-K G/CM-S SQ-CM/S
_ X 1000003

0.172 42.5 0.005551

0.187 41.6 Q.5_qE65

0.198 39.5 0.000_97

0.2C6 _6.7 _.00042b
0.219 33._ 0.C_337

0.209 29.0 0.00Q212

0.211 27.6 0.0G0160
0.222 25,6 0.0G_111

_.4_ 20.8 0.0C.C597

0.190 18,7 U.00_157

0.16W 18.3 0.000_36

0.154 18.2 0.C00_05

0.1_9 18.1 0.000368

0.1_7 18.1 0.000_28

_*1_5 18.2 0._0_8_

0.1_5 10.7 0.00_79_

0.1_ 19._ 0.001L_

0.15k 20.1 0.001_7

0*160 20.8 0.00151
0.165 21*6 0.00175

0.171 22.3 0,3020C
0.176 23.0 0.00225

0.181 23.7 _.3U25C

0.192 25.1 0.093_

0.202 _6.5 G.00356

0.211 27.9 0.00_J2

0.221 29.2 0.00_71

0.230 30._ 0.00531

0.239 31.7 0.00595

0.2_7 32.9 0.CC6_0

0.255 3_.1 0.00?27

0.26_ 35.2 0.0_796

0.272 36._ 0.0C868

0.279 37.5 0,Cu9_1

0.287 38.6 0.01_2

0.295 39.7 _.0109

0.302 _0.7 0.0117

0.3_9 _1.8 _.0125

0.316 _2.8 0.013_

0.331 _.8 0.0151

0.3_ _6.7 ;.0169

3,358 _8.6 J.0187

0.371 $0,5 0.0267

0,38_ 52.3 0.0227

0,397 5_.0 0.02W8

0.410 55.? 0.0269

0._0 59.9 0.0326

0.470 b3.9 0.0387

0.499 67.7 0.0_53

0.528 7t._ 0.0522

0.555 75.0 0.0595

0,583 70.5 0,0673

0,609 81.9 0,_75_

0,636 85.2 0,0839

0,687 91.7 0.10_

0,737 98.0 0.122

0.857 111*0 0.177

0,970 125.0 0,2_0

1.06 139.0 0.311

1.10 152.0 _.389

1.28 16_.0 O._7W

1.37 176.Q _.565
1.46 188.0 0.662

1.55 199,0 0.765

i.7Z 222,0 0,99_

2.05 26w.0 _.52

Z.21 28_.0 1.82
2.51 322,0 2._8

Z.80 359.3 _.22

3.07 39W.0 _.3_

3.3_ 428.G _.9_

3.60 _62.0 5.92

3.05 _9_._ 6.97

4,10 525.0 8.09

4,34 556.0 9.27

_.57 586.0 :0.5

W,80 615.0 £1.8

DIELECTRIC
CCNST&NT

1.35637

1.05521

1.05352

1.05115

1.0W769

1.0W151

I.G392_

1.03555

1.02_72

1.01681

1.01667
1.01336

1.012_2

1.01169

1._1109
1.01058

1.0_880

1.3J768

1.C_607

1.0362_

1.J057_

1.03532

1,0_97
1,0J_66

1.00_16
1._377

1.003_4

1.00317

1.03295

1.33275

1._258

1.002_3

1.G_229

1.00218

1.C_207

1.0_197

1.0_188

1.00180

1.03173

1.03166

1.0.15_

1.00135

1.00127

1.00120

1._0113

1._0108

1.00396

1.63386

1.30;72

1,0J066

1,;;_62

1.00058

1.3005_

1.000_8

1.000_3

1.00035

I.QJ;29

1.0092_

1.00022

1.C0019

1.;0017

1.00016

1.0_012

1.03_11

1.0_010

1.00009

1.6J3_7

1.00906

1.0_35

1.3_05

1.C_00_

I._G3

1.0J_03

I.OGC_3

PRANOTL

hUMBER

C.W80

0.5_3

0.558

0,633

C.781

1,29

1,6&

2._3

5._7

2.6_

1.97

1,66
1.W7

1.35

1._6

1.19

1.0_

0.9(6 t

0.853

0.019

0*795

0.778

0.765

0.755

0.7_2

0,733
0*727

0.?23

0.720

0.718

0,717

0.715

0.719

0,71_

0.714

0.713
0.713

0.713

0.713

0.713

0.713

0.713
0.712

0,712

0.712

0.712

0.711

0,710

G.7CO

O,TG7

0,705

O*?u3
0,701

0.699

0.697

0,69_

0,691

0.673

0.670

0.668

0*667

0,666

0*666

0,667

0,669

0*658

0.668

0.668

0,6&7

0,667

0.667

0*66?

0,666

0.666

0.666

0,666

0,666

0.666

0*666

TNO-PH&SE BOUNDARY

"" NUMBERS IN THIS COLUMN HAVE BEEN MULTIPLIED BY THE INDICATEO FACTOR
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THERMODYNAMICPROPERTIESOFHELIUM4
2,5ATMOSPHERE1S09AR

TEMPERATURE VOLUME ISOTHERm ISOCHORE

CCIG DERIVATIVE DEmIVATIVE

OEG. K _w X ,_I CC-ATMIG ATMIK

• 2.15w _._6617
2.5 0.06_71 555,0 2,60

3,0 0,06_07 _77.0 3,51

3.5 0.07315 383.0 3,96

_.Q 0.07330 283.0 k.11

_,5 0.07841 179.0 3,91

5.0 0*08023 71.6 3.27

5.1 0.09373 50,3 3,0_

5.Z 0,1012 30.9 2.72

5.3 0.11o7 10.4 2-24

5,_ 0.1524 7.86 1,35

5.5 0.22.1 16,7 1,07

5,6 0,2519 2_.4 0,9_

5.7 0,274_ 31.1 0,859

5.8 0.2940 37.2 0,79E

5.9 0,3112 _2.8 0.74E

E.O 0,3230 _8.0 C,704
6.5 C,3903 ?0.3 0.568

7.0 0,45_7 89.1 0,_87

7.5 6.5142 106.0 0._31

8.0 0.5667 121,0 0.388

8.5 G,61?2 136.0 0.354

9.0 0-6662 150.0 0.327

9.5 0.7141 163.0 0.304

1C,O 0,7611 177,0 0.284

11,0 0.8528 202,0 0.25_

12.0 0.9429 226.0 0.228

13.0 1._32 250,0 0.208

1_.0 1,120 273,0 0.191

15,0 1.2_7 296,0 0,177

16,0 1.293 319.0 0.16_

17.0 1,379 341,0 0.15_

18.0 1.W65 363.0 O.Ihk

19.0 1.550 386.0 0-13@

20.0 1.63W WO?.O 0.129

21.0 1.?1_ _29.0 0.122

22.0 1.803 451,0 G.117

23.0 1.8_7 W72.0 0.111

2_.0 1.971 494.0 0.102
25.0 2.055 515.0 0*102

26.0 2.13_ 5]E.0 0.0979

28.0 2,305 5?9.0 6.0907

30.0 2._71 621,0 0.08_4

32.0 2.637 663.0 0.0790

3W.O 2.803 705.0 0,07W3

36.0 2,96_ 7w6.0 0,0700

38.0 3.13_ 788,0 0.0623

_0.0 3.299 830.0 0.0629

_5,0 3,712 933,0 0.05_8
50.0 _.121 10_0.0 0.0502

55.0 4.535 1140.0 0,0h56
6C,0 _.9_6 1240.0 0.0_18

65.0 5,357 1390,0 0.0385

70.0 5-768 1450-0 0.0350

75.0 6.128 1550.0 0.033_

80,0 6,58_ 1650.0 0.0313

90,0 7._1_ 1860.0 0,0278

100.0 8.23d 2070.0 O.OZEO

125.0 10.28 2580.0 3,0200

150,0 12,33 3090,0 0,0127
175,0 14.30 3600,0 0.0143

200,0 16.43 _120,0 0.0125

225,0 18.4_ _630,0 0,0111
250.0 20.53 51_0,0 0,0100

275.0 22.58 5650-0 0.00909

300,0 2_.63 6170.0 0,00833

350.0 28,7] 7190.0 0.00714

400.0 32.83 _210.0 0.00625

k50.O 36,93 92_0,0 0.0055_

500,0 41.03 10300,0 0.00500

60G.O _9.23 12300.0 0.00417

700,0 _7,43 14_00.0 0.003_7

800.0 65.63 16_00.0 0.00312

900.0 73.03 18500,0 0.00278

1000,0 82.03 20500.0 0.00250

1100.0 90.23 22600.0 0.00227

1200,0 _8.43 24b00,0 0._0208
1300.0 106.6 26700.0 0-0G1_2

1400.0 11_.8 2870C.0 0,00179

1500.0 123.0 30800.0 0.Q0167

INTERNAL ENTHALPY ENTROPY CV
ENERGY

JIG JIG J/G-K J/G-K

3.777 5.W6T 1.895 1.796

W.7_0 6._64 2.263 1.088

_.918 7.695 2.645 2,07E

7.387 9.EkW 3.099 2,229

9.30E 11,29 3.539 Z.kl?

12,19 14._5 4.199 2.689

13.07 15._5 k.396 2.?69

1W.29 16.86 _.668 2,859

16,23 19.18 5.110 2.987

20.99 25.62 6.313 3,287

23.03 28.70 6,880 3.289

2_.23 30.61 ?.224 3-269

25.1_ 32.09 7.487 3.249

29.91 33,36 7.707 3,232

26.59 34.49 7.899 3,216

27.21 35.52 8.073 3.202

29.82 39.91 8.777 3.195

32.03 43,69 9.332 3.131

3_.05 _7.08 9.805 3.118

35.95 50.32 t0.22 3.112

37.80 53.4_ 10.60 3.109

39.59 56._7 10.95 3,188

_1.35 59.k_ 11,27 3,108

_3.08 62.36 11.57 3,109

_6._E 68.06 12.11 3,111

h9.78 ?3.67 12.60 3.113

53.08 79.21 13.05 3.115

56.3_ 84,71 13.k5 3.117

59,59 90.16 13.83 3.119

62,83 95.59 1_.18 3.120

66.06 101.0 1k.51 3.121

69.27 106.k 14.81 3.122

72._7 111.7 15.10 3.1Z2

75.6? 117.1 15.30 3,122

78.86 122,k 15.6k 3,122

82,04 127,7 15.89 3.122

85.21 133.0 16.12 3.122

88.38 130.3 16.35 3.122

91-55 1_3. E 16.56 3.122

9h.71 1k8.9 1E,77 3.122

101,0 159, W 17.16 3.122

107.3 169.9 17-92 3.122

113o6 180.h 17.86 3.122

119.9 190.9 18.18 3.121

126.2 201._ 18._8 3.121

132.5 211.9 18.76 3.121

138.7 222.3 19.03 3.121

15_,_ 2_8.h 19.64 3o120

170.1 274.5 20.19 3*120

185.2 300.6 20.69 3.119

201,3 326.6 21.14 3.119

216,9 352.E 21.56 3°119

232.5 378.6 21.95 3.119

2_8.1 404.? 22.31 3.118

263.8 430.7 22.6k 3.110

295.0 482.E 23.25 3.118

326.1 534.6 23,80 3.118

404.1 664.5 24.96 3.117

W82.0 79_.4 2_,91 3.117

560.0 924.3 2_.71 3.117

637.9 1054.0 27.40 3,117

715.8 1184.0 28.01 3.117

?93.7 131_.0 28.56 3.117

871.6 1_4_.0 29.06 3.116

9q9.5 1573,0 29.51 3.116

1105,0 1833.0 30,31 3.116

1261,0 2093.0 31.00 3.116

1411,0 2352.0 31.61 3.115

1573.0 2612.0 32.16 3.116

188k,0 3131,0 33.11 3,136

2196,0 3651,0 33.91 3.116

2507.0 k170,_ 34.60 3.116

2819.0 4689.0 35.21 3.116

3131.0 5208.0 35.76 3.116

3442,0 5728.0 36.25 3.116

375k.0 62_7.0 36.71 3.116

4065.0 6766,0 37.12 3.116

4377.0 7286,0 37,91 3,116

4689,0 7805.0 32.87 3.116

CP

1.93_

2.251

2.78?

3.526

_.809

8.695

11.09

19.81

38._6

45.30

22.60

15._3

13.55

11.87

10,75

9.97

7.95_

7.106

6.638

6,3_3

6.1_1

5,994

5.883

5,797

5,278

5.59S

5,534

5.481

5.Wk9

S._IT

5°390
5.368

5,3q9

5.33_

S,320

5.309

5.299

S.290
5.282

5.275

5.263
5.294

5.2N5

5.240

9. 285

5.238.

5.226

5.219
5.21_

5.210

5.207

S.20_

5.203

S.201

5.200

5.196

5.197

5.199

5.19_
5.19k

5.194
5.193

5,193

5.193

5.193

5.193

5.193

5.193

5.193

S,193

5.193

9.193

_.193

5.193

5.193

_,193
5,193

5.193

5.193

VELOCITY

OF SOUND

M/S

2_6,0

2k8.1

228.4

213.0

190.1

193.2

142,9

131.5

116.4

10_°8

108.0

111,S

11k.1

117o7

120,k

13_°8

1_3,1

151.1

158.3

165.0

171,2

177.0

182.6

193.1

202.5

212.0

220.6

228.9

235.8
244.3

251.6

258.7

265.5

272.1

E78.6

20k.9

291.0
291.1

302.9

31k.3

325.3

335,9

3_6.1

356,1

365.6
375.2

397.7

418.9

439.2

458.5

_77.0

494,8

512.1

$28.7

560.S

590.6

659.8

722,3

779,9

833.S

883.9

931.6

976.9

1020-0

110Z.0

1178,0

12k9.0

1316.8

1k42.0

1997.0

1655,0

1766.0

1861.0

1952.0

2038.0

2122.0

2202.0

2279,0

• TWO-PHASE EOUNDARY

• • _UMBERS IN THIS COLUHN HAVE BEEN MULTIPLIE_ BY THE INDICATED FACTCR
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2*5 8TMOSPHERE ISOBAR

THERMOPHYSIC&L PROPERTIES OF HELIUM W

TEMPERATURE DENSITY VIOM/OV) V(OP/DU} vP

OEG,K GICC JIG ATM-CCIJ

• " X 106

• 2.154 15,11

2.5 14.79 61,0 9.67

3.0 14.69 45.0 1Z.6

3.5 14,25 38.4 13.4

4.0 13.64 $3.2 13.5

4.S 12.75 18.1 12.T

5,0 11.21 21.4 10.8

S.I 10,67 19.6 10.3

S.Z 9,882 IT.1 9.63

5.3 8.5T0 15.2 8,77

5.6 5.482 14.5 7.48

5,5 4.403 15.T 7.32

5.0 3.909 16.9 7.28

5.7 3.644 17.9 7.25

5.8 3.402 18.9 T,24

5.9 3.209 19.8 ?.22

6,0 3.049 20.T 7.21

6,5 2.511 24.7 7,17

7,0 2.180 28,3 ?.14

7,5 1.945 31.7 T,10

8.B 1.705 $5.0 7.07

8.5 1.620 $8.2 7,04

9.0 1.501 41.3 7.01

9.5 1.400 46.3 6.90

10.0 1.314 ;7.3 6.96

11.0 1.1?$ 53.1 6.93

12.0 1.001 58.9 6.90

13.0 0.9691 64,5 6.87

14.0 0.8932 70.1 6.85

15.0 0.8287 75.r 6.83

16.0 0.?T32 81.3 6.81

17,0 0,7251 86.T 6.79

18.0 0.6828 92.2 6.78

19.0 0.6453 97.0 6.76

20.0 0.6118 103.0 6,75

21.0 0.5017 108.G 6.74

22.0 0.5546 114,0 6.73

23.0 9.5299 119.0 6,72

04.0 0,5073 124.0 6.72

ES.O 0.4867 15000 6,71

26,0 0.4677 135.0 6.70

08.0 0.4338 146,0 6.69

30.0 0.4046 156.0 6.68

32.0 0.$792 167,0 6.68

34.0 0.3568 177.0 6.67

36.0 0*$369 180.0 6.66

38.0 0.3191 198.0 6.66

40.0 0.3031 209,0 6.65

45.0 0.Z694 255.0 6.64

50.0 0.Z425 261.0 6.63

55.0 0.2205 287.0 6.63

00.0 0.2022 $13.0 6.62

65.0 0.1867 $59.0 6.62

70.0 0.1754 385.0 6.62

75*0 0.1019 391.0 6.61
80.0 0.1518 417.0 6.61

90.0 0.1150 469*0 6.61

100.0 0.1215 021.0 6.60

125.0 0.09727 651.0 6.60

150.0 0.08109 781.0 6.59

175.0 0.06953 911.0 6.59

200.0 0.06086 1040.0 6.59

225.0 0,05611 1170.0 6.59

250.0 0.04871 1300,0 6.59

275.0 0,04429 1430.0 6.59

308.0 0,04060 1560.0 6.59

350.0 0,03481 1820*0 6.56

400*0 0.05046 2080,0 6.58

k50,i 0.02708 2340*0 6.58

500.0 0.02437 2600.0 6.58
600.0 0.02031 3120.0 6.56

70O.O 0.01741 $640*0 6,58
800.0 0.0_524 4160.0 6.58

900.0 0.01355 _680.0 6.58

1000.0 0.01219 5190.0 6.58

1100,0 0.01108 5710.0 6,58

1200.0 0,01016 6230.0 6.58

1300,0 0.009379 6750.0 6*58

1400.0 0°008709 727000 6.58

1500.0 0.000128 7790.0 6.58

-V(DP/DV) T (OV/DT)/V P

ATM IlDEG. K

83.2 0.0313

70,1 0._500

54.6 0.0725

38.6 0.106

22.9 0.171

8.03 _.4U7

5.37 0.566

3.05 0,892

0.09d 2.52

0.;$1 3.12

0.747 1.44

0.968 0.975

1.i3 0.757

1.27 0,629

1,37 B.543

1.46 0.482

1.77 0.322

1,94 0.251

2.06 0.209

2.1_ 0.181

2,20 0.161

2.25 0.145
2.29 0.133

2.3Z 0.1Z3

2.36 0.107

Z.4Q C._9SL

2.42 6.0858

2.44 0.0782

2.45 0.0720

2.46 0,0667

2._7 _.0621

2.40 O.05BZ

B,49 0.05;8

2.49 C.0518

2,50 0,6491

2.5u _.G;67

2.50 0,_4;5

2.50 0.0;25
2.51 0.0_07

2.51 0,0390

2.51 @.0361

2.51 0,0336

2,51 0.031_

2.51 0,0295

2.51 0.0279

Z.51 0,0264

2.51 0.0250

2,51 0.0222

B.51 0.0200

2.51 b.0181
2.51 C.Q166

2,51 0.0103
2.51 0.0142

2.01 0.0133

2.51 G.0125

2.51 0._11L

2,51 0.0103

2.51 b.00798

2.51 0.0&665

2.51 0.G0570

2.50 0._0499

2.50 _.G_;;4

2.50 0.09393

B,50 0._0363

2.5C G._333

2.50 &.00285

2.50 0.0_25J

B.Sb L.@_202

2.$0 0.0020&

2.50 _.00167

Z.SO 0.00143

2.50 _.00125

2.50 0.00111

2,50 0.0_1_

2.50 G.00Q909

2.50 0.00_533

Z.BO G,b00769

B.BV 0.00d71_

2.50 0.000667

THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL

CONOUCTIVITY DIFFUSIVITY CONSTANT NUMBER

HWICH-K G/CH-S SQ-CH/S

_• X 1_000@_

0,172 WZ.7 0,D_0593 1.05644 O.q80

0.187 W1,8 ].000566 1.05529 0.503

_.198 39.7 0,03_9_ 1._5363 0.558

0.2_7 36,9 &.000_30 1.05128 0.630

0.210 33.7 0.0003_2 1.04790 0,771

0.2_9 29._ _.G_0215 1.(_BC1 1.02

0.2L0 28,1 0,00_177 1.03997 1.48

0.21_ 26.5 ;.0_137 1._3699 1.96

0.250 2;.I 0.000_782 1,03203 3.60

0.2;5 19.9 0.00_(99_ I._20;2 3,67

0.181 18.9 U.00_179 1._1660 2.07

0,163 18.6 _.00_25_ 1._1476 1.08

3,155 1B.5 0.00031_ 1.01355 1.62

_.151 10._ U,00037; 1.0126_ 1.45

0.146 18.4 ;,OGQ_3G 1.G119_ 1.39

0,147 18.5 _.0_0_8_ L.01133 1,25

0.1_7 18.9 G,0_0736 1,01932 1.02

0.151 19.5 0.000_72 1.03809 0,923

0.1BS 20.2 _.0412_ 1,_3721 0.865

0.16_ 20,9 0,001_3 1,0_654 0.820

0.166 21.7 0.0_167 1.00601 0.802

0.171 22._ _.0_19_ 1._J557 0.784

0.177 23.1 3.G_21_ 1,0_51_ 0.770

0.182 23.8 @.0_239 1,00_7 0,759

0.192 2S,2 0.00289 1.0D_35 0.?_5

0.262 26.6 0.b_3_1 1.00393 _.736

0.212 27,9 0.0;395 1.0_359 0.730

0.221 29.2 _.00_51 1._u331 0.725

0.Z30 30,5 0.00510 1.0_007 0.722

0,239 31.7 _.0057U 1.C_286 0,719

0.247 32.9 Q.00633 1.G_269 0.718

_.256 3_.1 0.0Q698 1.0d253 0,716

_.26_ 35.3 Q.00764 1.3_239 Q,715
_.272 36.4 0.0_833 1.C_227 0,715

3.28_ 37.5 0,00904 1.03215 0,714

0.207 30.6 B.00976 1.0J005 0.7_;
3.B95 39,7 _,01C5 1.33196 0.714

0.302 ;O.B 0,0113 1.04188 0,713

_.310 ;1.8 0,_12_ 1.0018_ _,713

0,317 42.8 G.0128 1,0J173 0.713

0.331 44,8 _.01_5 1._0161 _.713

0.3;5 ;6.8 _.0167 1.0_15_ 0.710

_.3B8 _8.6 0.&18_ I._14_ 0,713

0.371 50.5 0.0199 I._132 U.712

0.38; 52.3 0.0218 1.0_125 0.712

0.397 5_.0 G._23_ 1.0_118 0.712

]._d 59.9 0.0313 I.C_I_ 0.710

0.;7_ 63.9 C.0372 I._._9_ d.7_0

_._99 67.? O.G;3E L._OC82 0.7_7
0.B28 71._ 9.0501 1._075 _.7C5

Q.B55 75._ L.0572 I._3069 0.7_3

_.583 78.5 Q.06_6 1,_36_ _.7C1

0.6_9 81.9 _._72_ 1._QQ6v 0.699

0.636 85.3 _.080E 1.06_56 0.697

0.6B7 91.7 0.098b 1.00050 0.69#

_.737 98._ _.117 1,_._5 0.691

_.8S7 111.0 C.170 1.0_036 0.673

0.97_ 125.G d.23] 1.0_30 0,670

1.08 139,G C,298 1._J326 0.668

1.10 152._ _,37_ l,_J_B] 0.667

1.28 16w,& 0._55 1._02_ 0.666

1.37 176,L _.5_3 l._JGl_ 0,666

1.;6 188._ _.636 l._J_16 0.667

1.55 199._ _.73_ I,_315 Q.669

1,72 222,U &.953 1,3_013 0,665

1,89 _3.0 1,19 I,_0_11 0.668

2.J5 264.0 l,h_ 1,03_1_ _,660

B,21 284._ 1.7_ 1,Q.d]9 0,66T

Z,51 322._ 2,38 I,C_._B 0.667

2.80 3_9,_ 3.C9 1,06016 0,667

3,07 39_*, 3,88 i,_]_,6 C.667

3,34 428.Q w.75 I._0_5 _,666

3.6L _60,0 5._ I._2C_5 0.666

3.BB _gW.G 6.69 I,?3_GW _,666

;,1_ 525.0 7.76 I,_UW _.666

;,57 _86.0 10,1 1,_Ju_3 _.666

+ T WO-PHSSE BOUNOARY

_ NUMBERS IN THIS COLUMN HAVE BEEN MULTIPLIED BY THE INDICATEO FACTO_
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TH[RHOOYNAHICPROPERTIESOFHELIUM 4

2.6 ATMOSPHERE ISOBAR

TEMPERATURE VCLUHE

CC/G

OEG, K _ X .Ol

2.153 0.06610

2.5 0.06663

3.0 0.06797

3.5 0,07002

4.0 0.07312

4.5 0,07009

5.0 0.08828

5.1 0.09228

5.2 0,09540

5,3 0.1082

5,4 0.1410

5.5 0.1934

5.6 0._260

5.7 0,2506

5.8 0.2713

5.9 0,?895

6.0 0.3062

6.5 0.3765

7,0 0.4360

7.5 0,49J2

0.0 0.5413

8.5 0,5902

9.0 0.6377

9-5 0.6841

10.0 0.72_5

11.0 0.8151

12.0 0.9050

13-0 0.99_7

1_,0 1.075

15.0 1.159

16-0 1,243

17.0 1,326

18.0 1.408

19.0 1.490

20,0 1.571

21.0 1.653

22.0 1.734

23,0 1.815

24.0 1.895

25.0 1.976

26-0 2.056

28.0 2.21r

30,0 2.377

32,0 2.536

34.0 Z,696

36,0 2.B55
38.0 3.014

40,0 3o173

45. 3.5?3

50, 3.965

55, 4.361

60- 4.757

65. 5,152

70. 5._47

75. 5.9_2

BC. 6,337

9C, 7.126

100, 7.915

125,0 9._07

15_.0 11,$6
175-0 13.63

200.0 15,80

225.0 17,77

250,0 19.74

275-0 21.71

300.0 23.66

350,0 27.63

4bO.O 31,57

450.0 35,61

5_0.B _9,+5

600.0 47.34

7C0.0 55-22

600.0 b3,10

90C.0 70.09

1000.0 78,_7

1100,0 66.76

1200,0 94.64

1300.0 102.5

1400°0 110._

1500,0 118°]

ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY

DERIVATIVE DERIVATIVE ENERGY

CC-ATM/G ATH/K J/G J/G J/G'K

560.0 2-60 3.771 5,527 1.892

482.0 3.51 4,729 6,520 2,259

388.0 3,97 5.g01 7.746 2.639

289.0 4.12 7.360 9.286 3.051

186,0 3.94 9.252 11.31 3.526

79,1 3,33 12.05 14,38 4.167

58,3 3.11 12,88 15.31 _.351

39.7 2.84 13.95 16.55 4.589

20.3 2.49 15.36 18.21 4.906

5.74 1,80 18,55 22,26 5.662

11.9 1.26 21,83 26.92 6.518

19.7 1,06 23.42 29,38 6.960

26.0 0,_49 24.52 31,12 7.269

33.2 0,869 25.39 32.54 7.515

39.0 O,BOg 26.14 33.77 7,726

44,4 0.760 26.81 34,86 7,912

67,6 0.604 29,55 39.47 0,648

86.6 0,515 31.81 43.30 9.217

104.0 0,453 33.87 _6.78 9.698

120.0 0.408 35.80 50,06 10.12

134.0 0.372 37,66 53.71 10.50

149.0 0,3_2 39.46 56,26 10.85

16Z-O 0,318 41.23 $9.25 11.17

175,0 0,297 42,96 62,18 11.46

201,0 0.264 46.35 67.91 12.02

225.0 0,238 49.69 73.53 12.51

2_9.0 0.216 52.99 79.09 12.96

272.0 0,199 56.27 84,60 13.37

296,0 0,184 59.52 90,06 13.7k

318.0 0-171 62.76 95,51 14.09

341,0 0.160 65,99 100.9 14,42

363,0 0.150 69.21 106-3 14.73
385,0 0.1_2 72,42 111.7 15.02

407,0 0.134 75.62 117,0 15,29

_29.0 0.12_ 78,81 122.3 15.55

_51.0 0.121 81.99 127,7 15,80

_72,0 g.116 85.17 133.0 16,04

_94,0 0.111 88.34 138.3 16.26

515.0 0,10_ 01.51 143,E 1E.40

536-0 0.102 94.67 148.8 16.69

579.0 0.0943 101.0 159.4 17,00

621,0 0.0878 107.3 169.g 17.44

663.0 0.0822 113.6 180.4 17.70

705,0 0,0773 119.9 190.9 18.10
747.0 0.0729 126.2 201,4 18,40

7_8.0 0.0690 132,4 211.8 18.68

630.0 0.06_5 138.7 222.3 18.95

934.0 0.0561 154,4 248,4 19.56

lO_O.O 0.0522 170.0 274.5 20.11

1140,0 0,0474 185.? 300.6 20.61

1240.0 0,0_34 201.3 326,6 21,06

1350.0 _,0401 216,9 352.6 21.48

1450,0 0,0372 232.5 378,7 21.86

1550,0 0,03_7 248.i _04.7 22.22

1650,0 0,0325 263.7 430,7 22,56

1560.0 C.0289 294,9 482,7 23.17

2070,0 0,0260 326.1 534.7 23,72

2580.0 0.0?08 404,1 664.6 24,08

3090,0 0.0]73 482.0 794.4 25.83

360C-0 0.0149 560.0 924.3 26.63

4120,0 0,_130 637,9 1054.0 27.32

_630.0 0,0116 715,8 I184,0 27.g3

51k0,0 0.0104 793.7 1314,0 26.48

5690-0 0.00945 871.6 1444,0 28.97

6170.0 0.00067 949.5 1573,0 29.43

7190.0 9,007_3 1105,0 1833.0 30,23

8220,G 3*00650 1261.0 2093.0 30.92

9240,0 0,00_76 1417,0 2352,0 31.53

1U300.0 0,00520 1573.0 2612,0 32.00

12300.0 0.00_33 1884.0 3131.0 33.03

1_400.0 ).00371 2196.0 36S1.0 33.83

1640C,0 0,0C325 2507.0 4170,C 34.52

18500.0 0.00289 2819.0 4689,0 35.13

20500.0 0,00260 3131.0 5709.0 35.68

22500,0 9.0023& 3442,0 57?8.0 36.17

24600.0 0,00217 3754,0 6247,0 36.63

26700.0 0.00200 4065.0 6766,0 37.04

28700,0 0.00186 W377.0 7286.0 37-43

30800.0 0.00173 4689.0 7005,0 37,78

CV

1.792

1.086

2.071

2.227

2.k13

2,677

2.751

2,027

2.900

3.17Z

3.278

3.272

3.255

3.237

3.221

3.207

3.158

3.132

3.119

3.112

3.109

3.106

3,108

3,109

3.110

3,113

3,115

3.117

3,119

3,120

3,121

3.122

3.122

3,122

3.123

3.123

3.123

3.123

3.123

3.123

3.122

3,12Z

3.122
3.I22

3,121

3,121

3.121

3.120

3.120

3,120

3.119

3.119

3.119

3-118

3.118

3.118

3.118

3.117

3,117

3.117

3,117

3.ti7
3.117

3,117

3,116

3.116

3.116

3.116

3,116

3.116

3,116

3.116

3,116

3.116

3,116

3.116

3,116

3-116

3,116

JIG-K

CP

1,928

2,245

2.776

3.502

_,739

8,199

10,08

13.19

22,08

6_.20

31.23

19.92

15.46

13.09

11.62

10.61

8.203

7.245

6.729

6,kOB

6.191

6.034

5,917

5.625

9.700

5-613

5.548

5.455

5.460

5.426

5,390

5,375

5,356

5.339

5.325

5.313

5.303

5.29_

5.285

5.278

5.266

5.256

5,248

5.242

S,236

5.232

5.228

5.220

5.214

5,210

5,207

5,205

5.203

5-202

5.200

5,199

5.197

5.195

5.195

5.194

5,194
5.193

5.193

5.I93

5.193

5.193

5.193

S,193

5.193

5.193

5. I93

5.193

5.193

5-193

5.193

5.193

5.193

5.193

5.193

VELOCITY

OF SOUNO

MIS

247,t

241,2

229.7

214.9

192.2

156.7

147.1

137.0

125.0

108.6

107.3

110.3

113.5

116,6

119.4

122.0

133.3

1k2.6

150.7

158.0

16_,T

171.0

176.9

102.S

193,0

202.8

212.0

220.7

229.0

236,8

244.4

251.7

258.8

265,6

272.2

278.7

265.0

291.2

297.2

303.0

314oS

325.4

336.0

346.3

356.2

365.9

375.3

397.8

419.I

439.3

458.6

477.1

_95.0

512.2

526,8

560,6

590,6

659,8

?22,4

760.0

833.6
B84,0

931.6

976.9

1020.0

1102.0

1176.9

1249.0

1316.0

1h42.0

1557.0

1665.0

1766.0

1861-0

1952.0

2038.0

2122,0

2202.0

2279.0

T_O-PHASE _OUNOARY

"" NUMBERS IN THIS COLUHN HAVE _E[N M_LTIPLIEO BY TH[ INOICAT[D FACTOR
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THERMOPNYSICALPROPERTIESOFHELIUH4

2.6 kTNOSPHERE IS3BAR

TENPER&TURE OEqSITY V(ON/OV) V(OP/OU) v *VIOP/DV) T (DV/DT)/VP P

OEG. K G/CC J/G ATN-CC/J AIM I/DEG.K

-- X 100

2.153 15,13

2.5 15001 61.3 9.68 84.0 0.0310

3.0 14071 4504 12.6 7100 0.0494

3.S 14*Z8 38.8 13*_ 55.5 0.0715

4,0 13.68 33.6 13.5 39.5 0,164

4.5 12.81 28.6 12*8 23.8 0.166

5.0 11,33 2Z,1 11.0 8.96 0.371

5°1 10.04 20,4 10.4 0.32 0.493

5.2 10.10 18,1 9.88 4.64 0.7_4

5*3 9.244 16.6 9.27 1,87 1.33

S,_ 1,094 14.6 1,99 0,407 4.41

5.5 5.172 15.2 7.46 0.617 2,65

5.6 4.415 16.3 7,36 0.073 1,22

S.T 3.990 1F.b F.31 1.01 0.088

5.0 3.606 16.4 ?*Z9 1,22 0,711

5,9 3.454 19.4 1.27 1.35 6.630

6.0 3.266 Z0.3 1,Z5 1.45 0.524

6,5 2,656 24.4 1.20 1.19 6,337

1.0 2.294 28.0 7,16 1,99 0.250

7*Y 2.040 31.S 7,12 2.12 0.214

8.0 1,048 34,0 1.09 Z,Z1 U,184

8,5 1.694 37,9 1,06 2.28 0.163

9*0 1,568 41,1 7,03 2,33 0,147

9.5 1*_62 44.1 1.00 Z*31 0*134

10,0 1,311 41.1 6.98 2.46 0.124

11.0 1.222 53,0 6.94 2,45 0.108

12.0 1.105 58*7 6,91 2.49 0.0956

13.0 1.009 64.4 6.88 2.51 0.0861

14.0 0.9198 70.1 6.86 2,53 _.0785

15.0 0.8625 15.6 6.84 2,55 0,0722

16.0 0.0|46 81*2 6,02 2.56 0,0668

11.D 0,1544 86.1 6.80 2,51 0,0623

18.0 0.?I03 92.2 6.79 2,58 0.0583

19.0 0.6112 97.5 6.71 2.59 0.0549

20.0 0.6364 1_3.0 6.16 2*59 0.0518

Z1.0 0.6051 108.0 6,15 2.60 0,0491

ZZ.D 0.5708 114,0 6.14 2,60 0,646?

23.0 0.5511 119.0 6,73 2,60 0.0_45

24.0 0.5Z76 124.0 6,72 2.60 0.0425

15.0 0.5361 130.0 6,12 2,61 0.0407

26.0 0.4863 135.0 6,71 2,61 0.0391

28*0 0.4511 1_6.0 6.70 Z.61 _,0361

30,0 O.kZe8 156.6 6.69 2.61 0.0336

32.0 0,3943 162.0 6.68 2.61 0,0315

34.0 0.3709 117.0 6.61 2.61 0.0295

36*0 0.3503 188,0 6.67 2,62 0,0279
38.0 0.3318 198.0 6,66 2.62 0.0264

40.0 0,3132 2_9.0 6.66 _.62 0._250

45.0 0,2801 235.0 6.64 2,62 0.0222

50.0 0.2022 261.0 6,64 2.62 0.020_

55.0 0.2293 287.0 6.63 Z,61 0.0181

60,0 0.2102 313.0 6.63 2.61 0.0166

60,0 0.1942 339.0 6.62 2.61 0.0153
70.0 0.1803 36S.0 6.62 2.61 0._142

15*0 0.1083 391.0 6.61 2,61 0.0133

80.0 0*1578 417.0 6.61 2,61 0*0125

90.0 0*1403 469,0 6.61 2.61 _.0111

100.0 0*12b3 521.0 6,60 2.61 0.0100

125.0 0.1011 651.0 6.60 2.61 G.00198

t50.0 0*00433 781.0 6.59 2.61 0.00665

115.0 0*01231 911,0 6.59 2.61 6.00570

200.0 0.06329 1040.0 6*59 2.61 _.00_99

225.0 0.05621 1110.0 6.59 2.60 0,00444

250,| 0.05065 1300.0 6,59 2,60 0,00399

2TS.O 0.04600 1430.0 6.59 2.50 0.00363

300,0 0.04222 lS60.0 6.59 2,60 0.00333

350.0 0.03620 1820.0 6.58 Z,60 0,00285

400*0 0.03168 2080.0 6,58 Z.00 0,0025U

450.0 0.02816 2348*0 6.58 2.60 0.00222

500.0 0.02535 2600.0 6.58 2.60 0.00200

600*0 0.02113 3120.0 8.58 2.60 0.00167

700*0 0.01011 3640*0 6.58 2.60 0.00143

800.0 0.01085 4160.0 6.58 2.60 0.60125

900.0 8.01409 4680*0 6.58 2.60 0.00111

1000.0 0.01268 5200,0 6*58 2.60 0.00160

1100,0 0.01153 5110.0 6*$8 2.60 0.G00909

1200.0 0.010Sl 6230.0 6.58 2.66 0.000833

1300.0 0.009754 6100.0 6.58 2.60 0.000169

1400.0 O*OOgOSI 1210.0 6.58 2.60 G*000114

1500.0 0.008404 ?190.0 6.58 2.60 0.000661

THERMAL VISCOSITY THERMAL

CONDUCTIVITY OIFFUSIVITY

NW/CM-K G/CM-S SQ-CH/S

"_ X 10_CD_

J.172 42.9 0.0_J595

_,188 WZ.I 0,_568

0.199 39,9 O*Cb_S&1

J.ZL7 37,2 _.C_33

J.211 33,9 _,0_347

].210 29.7 9.6_622_

3.210 28.6 _.G_&192

0.211 27,1 D.Q_0151

J.22_ 25._ _._C_110

0,311 22,% C,_066681

_.269 19.8 _.60S129

0.175 19.2 0.C_199

_,162 18.9 0.06_263

0.156 18.8 _,_0_23

0.1_2 18.7 C.0_386

_.16U 10,1 _.0J0_34

0.149 19.1 _,O_OEB2

0,152 19.7 C._00_13

0.1_6 20.4 0.00114

0,161 _1.1 C,03136
0.166 21.8 0.00159

0.172 22.5 0.00182

0.177 23*2 6,06265

0.182 23.9 0.0_228

0,Ig3 25.3 0.G027E

0.2_3 26,6 0.0_321

0.212 20.0 _.06379

0*22_ 2_.3 0.06433

0.230 3Q,S 0.00_89

0.239 31,8 0.005_8

_.2_0 33.0 0.00668

0.256 34.2 0.00671

3,264 35.3 6.00135
D*272 36.5 0,008(1

_.28Q 37.6 0.0_869

0,288 38.1 0.00938

_.295 39.7 _*_I_1

0,303 _0,8 0.0108

0,310 41.8 0.0116

0.317 42.9 0,012_

0.331 4_.9 Q._139

0,3_5 46,8 0,_156

0,358 48,7 0,0173

0,37_ 50.5 0.0191

0.305 52,3 0.021_

0.397 94.1 0.0229

0,410 55,8 6.02_

0.441 59.9 0,03JI

0.470 63,9 0.G368

0,499 67,7 0.C_18

0.528 71,4 0.6_82

0*556 75._ _.055_

_.583 18._ 0.0621
0,610 81.9 0.0696

3.636 05,3 6.0115

0.682 91*7 _.0942

0*737 98.C 0.112

3.857 111,0 _.163
0.916 125.G 0.222

1.08 139.0 Q,282

1,18 152,0 0,359

1,28 16_*0 0,438

1.37 176.0 0.522

1.46 18_,0 Q*611

1.55 199.0 0.706

1,12 222*0 0,916
1,89 2_3.0 1,15

Z*05 26_*0 1.4_

2.21 28_,0 1,68

Z.51 322,0 2,29

2.00 359._ 2,97

3.07 394.0 3.73

3.34 _28.0 _.56

3.6_ 462,0 5.46

3*85 _94.0 6._3

4.16 525.0 7.46

4,3_ 556,0 8.56

4*57 586.0 9.72

_.86 615,0 10,9

DIELECTRIC
CONSTANT

1.05651
1,_5538

1,05373

i. G5142

%*CWBIO
1._w2W7

_*_-061

1.03R0_

I._3_58

1*_1926

I.v1646

1.61_84

1,313_0

1.01283

1,00751

1._w6_5

1.00628

1,_3542

1.U0410

1._]314

1.0_345

1.0_320

1,G_290

i._280

1,00263

:._32w9

1.Q_236
1,0]22_

i._9214

I,G_2_4
1.00195

1.00187

%.00%8O

1,6_167

1*QI156

1*G_146

I.C_137

1.0J130

1.00123

1,_J111

1.0_104

1.00093

I.C_085

1.0_07_

1._J_72

I,_JC67

I.C_62

I.G0058

1.6_652

I,D_637

1*G_031
1.000_T

1.03023
1.0_621

I,_3019

1*_0317

1.09016

1.0_012

1.0J0_8

1.0_0_6

%.0_004

1,00003

PRANDTL
hUMBER

_,480

0,5_3

0.557

0.620

0,762

%*16

1.37
1.10

2,51

4,56

2.96

2,18

1,58

1._3

1.32

1.06

0.9_1

0.077

0,831

0,8_9

0.190

0.775
0.163

0.740

0.739

0,132

0,127

0.T24

0.721

0,119

0,717

0._16

0.115

0.715

0,71_

Q.11_

0.714

O,Tl_

0,714

0.113

0.713

0,713

0.713

6.112

0,712

0.711

0.710

6.708

0.1&7
@,705

0,7C3

0.701

0,699

0.697

0.694

0.691

0,673

0.670

0,668

0.067

6.666

0.666

0.667

0.669

0,668

C.668

D.668

0,661

0.667

0,067

D.667

0.666

0.666

_.666

0.666

0.666

0.666

0.662

_ TWO*PHASE BOUNDARY
NUMBERS IN THIS COLUNN NAVE BEEN MULTIPLIEU BY THE INDICATED FACTOR
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tHERMOCYNAWIC PROPERTIES OF HELIU M k

2.8 ATMOSPflERE ISOBAR

TEMPERATURE VOLUME
CCIG

OEG. K _" X .01

Z.150 0.06599

2.5 0.06646 570.0

3.0 0,06r?? 493,0

3.5 0,06377 3gB.O

4.0 0,07?76 300.0

_-5 0.077_0 I90.0

5.0 0.08665 93,_

5.1 0.08995 73.4

5,2 0,0945? 50.0

5-3 0.1035 37.6

5._ 0.1109 ZO,O

5.5 0.1366 9.12

5.6 0.1750 12.6

5.? 0.?050 19,0

5.8 0.2787 ?5,5

5.B 0,?_86 31.7

6.0 0.2663 37.5

6.5 0,3373 62,1

7.0 D,3952 82.3

7-5 0,44?? 1GC*O

0.0 0,4958 116,0

8.5 0,5_71 131.0

9.0 0.5869 146.0

9.5 0,6305 160.0

10.0 0,6737 173,0

11.0 0.756? 199.0

12-8 0.8375 ?Z4-O

13.0 0.gi75 ?48,0

14,0 0.997 271.0

15,0 1.075 295.0

16.0 1,153 318.0

17.0 1.?30 340.0

18.0 1.307 363.0
19,0 1.383 ]05.0

20.0 1.459 407.0

21.0 1.534 4?9.0
72,0 1.610 451.0

23*0 1.685 472.0

Z_.O 1,760 M94.0

75.0 1,835 515.0

26.0 1.910 537.0

28.0 2,059 579.0

3G.0 Z.200 671.0

32.0 2.356 663.0

34,0 Z,50_ 705.0

36.0 2.657 747.0

38.0 2,800 789.0
40.8 2.gBd 631.0

45,0 3.3%6 935.0

50.0 3.684 1340.0

55.0 4.052 11_0.0

60.0 4,419 1740.0
65.0 4,786 1350.0

70.0 5.153 I_50.0

75.0 5.51B 1550.0

80.0 5.086 1660.0

90.0 6.619 1860,0

100.0 7,352 ?070.0

175.0 9.18_ 2580.0
150.0 11.01 3090.0

175.0 17.84 3600.0

?00-0 14.67 4120,0

2?5.0 16.50 _630.0

Z50.0 18.33 5140.0

275.0 70,16 5650,0

300,0 21.99 6170.0

350.0 ?5,66 7190,0

400.0 29.37 8220.0

450-0 32.90 9240-0

SO0*O 36.6_ 10300.0

600.0 43,96 17300.0

700,0 51.78 14400,0

800.0 58-60 16400.0

900.0 "65.92 18500,0

I000.0 73,Z_ 20500.0

1100.0 80.56 22600,0
1700.0 8?.88 ?4600,0

1300.0 95.Z0 26700,0

1400.0 107.5 78700.0

1500.0 109,0 30800.0

ISOTHERM ISOCHORE INTERNAL ENTH_LPY ENTROPY
DERIVATIVE DERIVATIVE ENERGY

CC*ATMIG ATMIK JIG JIG JIG-K

2.60 3.700 5.698 I.886

3,51 4.7C9 6.032 2.250

3.99 5.809 7.840 2.628

6.16 7.307 9.371 3.036

4.00 9.157 11.36 3.502
3.43 11,82 14.27 4.111

3.25 1Z.SE 15.11 4,270

3.02 13._E 16.1_ 6.474

2,77 14,49 17.34 _,70_

2._2 15.9_ 19.09 5.0_0
1.87 18,59 27.41 _.638

1-47 21.27 76-2_ E.328

1.19 22.97 28.79 E,779

1.05 24.16 30.E$ 7,103

0.957 25-11 37.16 7-361

0.d87 25.91 33._6 7,500

0.682 78.9E 38.53 8,394

0.57? 31.3_ 47.57 B,993

0.500 33.49 46.18 9.490

0._40 35.47 49.54 9,974

0.407 37.30 52.74 10.31

0.374 39.19 55.84 10.67

0._47 MO.ge 58.87 10.99

0.323 _?.73 61.83 11.30

0.287 _6.15 ET.EO 11.85

0.Z58 _9.50 73.76 12.34

0.235 52.82 70._5 17.79

0.215 56.11 8W.38 13.20

0.Ig9 59.37 89.87 13.58

0.185 6?.63 95.33 13.93

0.173 65.87 100.8 14.26

0.163 69.0 ° 106.2 14.57

0.153 72.31 111.5 14.06

0.145 75.5] 116.9 15.14

0.138 78.71 127.? 15.40

0.131 81.89 I77.E 15.64

0-125 85.08 137.9 15.88

0,117 88,75 138.2 16.11

0.114 91.43 143.5 16.37

0.110 94-59 148.8 16-53

0.102 100.9 159.] 16.92

0.0947 107.? 169.9 17.78

0.0806 113.5 180._ 17.67

0.0833 119.8 190-9 17.94

0.0?85 126.1 ?01.4 18.24

0,0743 132,4 711.8 18.57

0.0705 138.7 2Z?.I 18.79

0.0626 154.3 248.4 19._1

0.05E2 170.0 774,5 19.96

0.0511 185.E 300.E 20.45

0.04E8 701.3 326.0 20.91

_.0432 216.9 352.? 21.33

O.OkOl 732.5 370.7 _1.71

0.0374 248.1 404,7 27.07

0.0350 ?63,7 430.7 72.41

0.0311 29_.9 48?.7 23.0_

0.0780 376-1 534.7 73.57

0.0704 404.1 664.6 24.73

0.0187 482.0 794.5 25.67

0.0160 560.0 924.3 26.47

0.0140 637.9 1054.0 27.17

0.0174 715.8 1184.0 27.78

0.6117 793.7 1314.0 28.33

0.0102 871.6 1444,0 _8,8_

0.00933 949.5 1574.0 29.27

0.00800 1105,0 1833.0 ]0.07

0.00700 1_61.0 Z093.0 30.77

0,00672 1417.0 2357.0 31.30

0.00_60 1573.0 7617.0 31,97

0,00467 1884.0 3131.0 _?.87

0.00_00 2196,0 3651.0 33.67

0.00350 ?508.0 4170.0 34.37

0.00311 2819.0 468q.0 34.98

0.00280 3131.0 5_09.0 ]5.5?

0.00255 3442.0 5728.0 30.07

0,00233 3754.0 624?.0 36.47

0.00215 _065.0 6766.0 36.89

0.00200 43?7.0 77_6.0 37.77

0.00187 4689,0 7805.0 37.63

CV

1.787

1.883

2.067

2.222

?.405

2.557

?.722

?.701

?.815

2.916

3,125

3.?41

3.251

3.Z42

3.2Z9

3.715

3,163

3-135

3.120

3.117

3,1_9

3.107

3,107

3.108

3-110

3.113

3.115

3.117

3-119

3,171

3.171

3.177

3,123

3.123

3,173

3.123

3.123

3,123

3.123

3.173

3.123

3.173

3.1_?

3.127

3.127

3.177
3,1Z1

3.121
3.170

3.120

3.119
3.119

3,119

3.119

3.118

3.118

3.118

3.117

3.117
3.117

3.117

3,117

3,117

3-117

3,117

3.116

3.116

3.116

3.116

3.116

3.116

3.116

3,116

3.116

3.116
3.116

3.116

3.116

3.116

J/G-K

CP

1.915

2,733

2.755

3-_57

4.614

7.458

8.737

10.48

13,05

??.54

_3.0B

_0.89

71.25

16,5_

13.91

17.25

8.771

7.547

6.923

6.548

6-_96

6.117

5.905

5,88?

5.743

5,648

5,577

5.524

5.401

5.444

5._1_

5.389

5.368

5.351

5.336

9.373

5.311

5.301

5.?93

5.?85

5.?T2

5.?63

5.?53

5.?46

5.740

5.?35
5-?30

5.?E?

5,716

5.71?

5,208

5.?06

5.70_

5.202

5.201

5.1_9

5.198

5,196
5,195

5-194

5.194

5.193

5.193

5.193

_.193

5.193

5.193

5.393

5.193

5.193

5-193

5.193

5.193
5.193

5-193

5.193

5.193

5.193

5._93

VELOCITY

OF SOUND

H/S

?_9.0

?43.3

23?.?

217.5

196.1

163.0

154.5

146.?

137,0

175,?

117.9

110,3

112,?

114,9

117,7

170.4

137.0

141-6

150.0

157.4

164.?

170,6

176.6

167.2

19z-q

202.7

717.0

2_0.7

?79-1

237.0

244.6

251.9
?58.9

265.8

2?2.5

?78.9

205.2

791.4

?97.4

303.3

314.7

3?5.7

336-3
346.5

356.5

366.1
375.5

398.0

419.3

43B.5

458.8

4?7.3

495.2

51?.4

529._

5_0.8

590.8

660,0

727,6

780.1

833,7

884.1

931.7

977.0

1020.0

1107,0

1178.0

1249.0

1316.0

1447.0

1557.0

1665.0

1766.0

1861,0

1957o0

2039.0

2122.0

?202-0

?2?9.0

TWO-PHASE BOUNDARY

"" NUMBERS IN THIS COLUMN HAVE BEEN HULTIPLIEC BY THE INDICATED FACTOR



THERBOPHYSICAL PROPERTIES OF HELIUM N

2.8 ITMOSPMERE ISOOA_

TEMPERATURE DENSITY V(OH/BV| V(DP/OU)
p v

DEG.K 6/CC JIG ATH-CC/J

o_ X 13C

Z,150 15.16
Z.5 15.05 63.? 9.66

3.0 1W.?b ,6.2 12.6

3.5 1_.33 39.5 13.5

_.0 13,7W 34,3 13,6

_.5 12.91 29.5 LZ.9

5.0 11,5W 2J.W 11.2

5.1 11.12 21.9 10.?

5.2 16.5_ 20.5 10.3

5.3 9.95 10,7 9.8_

5._ 9.01q 16.8 9.19

5.5 T.321 15.W d.18

5.6 5.715 tS.T ?.6_

B.T 4.876 16.6 7.49

5.8 _.373 17.5 7,41

5.9 4.OZZ 18.5 7.37

6.0 3.755 19.5 ?.35

6.5 2.955 23.? 7,27

?.D _.530 2?._ 7*22

7.5 2.236 31.0 ?.I?

8.O Z*017 3W.3 ?.13

8.5 1.8N5 37.5 ?.10

9.0 1.73_ 40.7 7.06

9,5 1.586 43.8 ?.03

10.0 1.4_5 46.8 ?.01

11,_ 1.3_? 5Z.T 6.9?

12.0 1.13N 58,5 6.9N

13.0 1.010 64.2 6.9t

14,0 1.003 69.9 6.88

15.0 0.9303 15.5 6,06

16.D 0,8675 81,1 6.8_

17.0 d.8131 86.6 6.82

18.0 0.765W 9Z.1 6.80

19.D 0,723L 97.5 6.79

20.0 0.6855 1u3.0 6.77

21,0 0.6517 108.0 6.76

ZZ.O 0.621% L14._ 6.75

23.0 0.513_ 119.Q 6.7k

24.0 0,55_1 lZW,O 6,73

25.0 0.5_9 130._ 6.73

?6.0 0.5236 135.0 6.72

Z8,0 0,4057 146.B 6.71

]0.0 G.4530 156.0 6.70

32.G O.WZ_4 167.0 6.69

3_.0 0.3993 1??.0 6.68

36.0 0.3170 188.0 6.67

38.0 0.3_71 198.0 6.67

_0.0 0.3]93 209.0 6.66

kS.0 0,3016 235.0 6.65

50.0 G.??tN Z61.0 6.64

55.0 0.2_6_ Z87.0 6.63
50.0 0.2263 313,0 6.63

65.0 0,2089 360.0 6.62
78.0 0.19_1 366.0 6.62

75.0 0.1012 392.0 6.62

80.0 0.1699 kLB*O 6.61

_0.0 0.1511 _70.0 6.61
tOJ.O 0,1360 52Z.Q 6.61

125,0 0,1009 651.D b.60

150.0 0.09080 781.0 6.60

175.0 6.0?786 911.0 6.59

200.0 0,05815 10_0.0 6.59

225.0 0.06059 11_0.0 6.$9

250.0 0.0545W 1300*0 6.59

275.0 0.04959 1_30.0 6.59
300,0 0.0_54T 1560.0 6.59

350.0 0.03890 1820.0 6.58
400.0 0.03_11 2080.0 6.58

45J.0 0.03033 2360.0 6.58

5_0.0 0,0??30 2600.0 6.58
600.0 0.02278 3120.0 6.58

?00.0 0.0t950 36W0.0 6.58

800.0 0.01707 4160.0 6.58

900.0 0._1517 4680.0 6.58

1000.0 0.01365 5200,0 6.56

1100.0 0,012kl 5710,0 6.58

1200.0 0.01138 623&.O 6.58

1300,0 0.01050 6?50.0 6.58

1400.0 0,00975_ ?ZTQ.O 6.58

1500.0 0.009104 7790.0 6.58

-V(OP/DV); F (DV/DT)_ V

ATM 1/DEG.K

THEPMAL VISCOSITY THERMAL

CONDUCTIVITY OlFFUSIVITY

MW/CM-K G/CM-S SO-CM/S

"" X 100000_

DIELECTRIC

CONSTANT

PRANOTL

NUMBER

85.7 0.0303 0.173 ;3.3 0.00660C 1.05665 0.480

12.? 0.0N83 0.188 _2,5 _.000577 1.05554 0.504

57,2 0,0697 0,200 NO.3 0.000506 1,05393 0,55?

N1.3 0*161 d.Z_8 37.6 _,O&Q_39 1.05168 0,523

25,5 C,156 _.213 34,_ 0.000_57 1,0_8_8 0,?47

10.8 _.31_ 0.211 30,4 0.0002_6 1.04328 1.07

8,16 0.398 0,211 29.4 0.0_217 1.0_167 1,22

5.9? 0.511 0.210 28,2 0,0_189 1.03963 1,_1

3.75 _,739 0.212 26,9 Q.000154 t,03726 1,76

1.81 1.3_ 0,_25 25,2 _,060110 1.033?3 2.53

0.667 2,8J 0,26_ 22,7 0,00_L025 1.02733 3,75

O.??g 1.97 Q,215 20.7 0,_@_122 1.0Z129 2.98
0,92T 1,2_ 0,18_ 70,0 0.03d178 1.01816 2.30

1.12 0.9_1 _,170 19.6 0.650235 1.01677 1,91

1,_8 _.75_ 0.162 19._ _.0_29_ 1.01W96 1.66
1,_1 0.630 0.158 19,3 _.0003_3 1,01396 1.50

1.84 _,3?_ 0,152 19,5 b.OQC_85 1,01111 1.12

2.08 0.2?5 0.154 20.0 0,_807 1._939 0,980

2.2_ 0.22_ 0.158 _0,6 0,001L2 1.0_830 0,904

Z*35 0.1gt 0.163 71.3 0.00123 1._37_8 0,856

2,43 _,166 0.128 22,0 _,0_%_5 I._684 0.82_

2._9 0,15_ 3.173 22.7 0,00L66 1,G_632 0.8G1

Z.53 _.137 0.178 23,4 0,0_88 1.0_588 0,785

2,57 0,126 0.1_3 24,1 0._21[ 1.6_1 0,?72

_,63 0,1_9 d,194 ?5.4 6.00255 1.00_9J 0.?55

2.67 _._66 O°?&3 ?6.8 0.0_3L2 t.03_3 0.744

2,70 0.0869 0,213 28,1 0.00356 1.90N04 0.?36

2,?Z _.U791 0,222 29,_ _.004_1 1,00372 0.730
2.74 0._726 0.231 30,6 0.00_53 1.09345 0.?27

Z,76 0.06?2 0.24_ 31,9 d.005_8 1.0.321 0.723

?.77 0.0625 0.245 33,1 J,QdSE_ 1._301 G.?21

Z.78 _,0585 0,257 34.3 _,006_2 t.0_28_ 0.719

2,75 0.0550 0,265 35,_ 0.00682 1._268 0.710

2.79 _.0520 _.273 36.5 0.0074_ 1.0375_ 5.717

?,79 0.0492 _,281 3?,7 0.008_7 %,0_241 0.716

2.80 0._68 0,288 38,7 0,_0872 1._3230 0.716

2.86 O,O*N6 0,296 39,8 0,0G938 1._J??O 0.715

2,81 5,0426 0,3_3 40.9 0.0101 1.0_710 0,715

?,81 b._435 3.310 41.9 _.01_8 1._07_2 0.715

2,81 0,0391 _,318 N2.9 0.0115 1.0_194 0.71_

_,01 C.0362 J,332 N_.9 _.U13L 1°_318_ 0,?1_

2,81 0.0336 0,345 46.8 0.01N5 1.0016_ 0.714
Z.82 0.0315 0.359 NO.? 0.0161 1._15? 0,713

2,82 _.0296 0.372 50,6 0.0178 1.0_148 0.713

2.82 0.0279 0.385 52.N 0,0195 1.0J140 0.713

2.02 0.0264 0,398 5W.1 _.0213 1.03137 0,712

2,82 0.025_ _,410 55.8 0,0231 1._0126 0,712

Z.82 6.0222 0.441 60,0 0.028_ 1.0_112 0.710

2.82 @,02G3 0.471 6N.O 0.0333 1,00101 0.70_

2,82 0,01_1 0.500 67.8 u.0389 1,D0091 0.707

2.52 0,0166 0,528 71.5 0.0_48 1,00084 0,?05

2.02 &.0153 0.556 75.1 0.U511 1.0J_?? 0.703

_.82 0,01N2 0.583 78,6 0,05?7 1.0_72 0,701

2,01 0,0133 0,610 82,u 0.0647 1._067 0,699

2.81 0.0125 0.636 85.3 0,0720 1.00063 0.69?

_.81 0.0111 d.688 91.8 0,0875 %.0_056 0,69_

2.81 0.010] 0,738 98.0 0.10_ 1.00_50 0.691

2,81 6.0679_ 0*057 111._ 0.157 1.0_040 0.6?3

2.81 0.00665 0,971 125.3 _.206 1,_03_ 0,6?0

Z.81 0,005?0 1,05 139,U U,267 1._029 0.668

2.81 0,00499 1.18 152,0 0.33_ l,JJ_5 0,66?

2*81 G.O04_N t.28 164.0 0.406 1,368_ 0.666

2,8_ 0,00399 1.37 176,0 0,485 1,0_020 0.666

2,80 0,00363 1.46 188,0 0,568 1.0001_ 0,667

2.80 0,00333 1.55 199,0 _,656 1.03017 0,669

Z.Bu 0,0_255 1,72 222,_ 0.85_ 1.00_I4 0.668

2.50 0._0250 1.59 ?43,0 1,07 1.Q0013 0,668

2.80 0.b0222 Z,05 264,0 1.3_ 1.0_11 0.625

Z.80 0.0020_ 2,21 284._ 1.56 1.0_010 0,66?

2.80 0,00167 _.51 322,0 ?.12 %._0008 0.667

2.80 _,_d143 2,80 359,G 2,76 loOdO0? 0,66?

2.80 _.00125 3.07 394.0 3._7 1.0J_06 0.66?

Z,80 &,OO%IL 3.34 428.0 _,2_ 1,000_6 0.666

Z,80 _,_0100 3,60 462,0 5,07 1,Q0_05 0,666

2,B0 0,000909 3,85 _9_,0 5.9? 1,00005 0.666

Z,Bb 0,G00833 _,1_ 525.6 6.93 1,03004 0.666

2,80 0.000769 4,34 556,0 7.95 1.000_w 0.666

2,80 _,060714 4.57 586,0 9._2 1.03_4 0.666

Z,80 0,000666 N,B& 615.0 10.Z 1,0_03 0.566

" TWO-PHASE BOUNDARY

"_ NUMBERS IN Ills COLUMN HAVE BEEN MULTIPLIED BY THE INDICATED FACTOR



THERMODYNAMICPROPERTIESOFHELIUM W

3.0 ATMOSPHERE ISOBAR

TEMPERATURE VCLUNE

CC/G

OEG, K _ X .01

2o1_8 0,06580

2*5 0.06630 580.0

3.0 0.067S8 503.0

3.5 0-06952 _10.0

_,0 0,072_1 311.0

_,5 0,07692 210.0

S.O 0,08528 107.0

5.1 0.00811 87,7

5.Z 0.09180 71.0

5-3 0.09619 53-3

5._ 0.1025 36,0

5.5 0.1133 20,7

5,6 0.1347 12.5

5.? 0.1638 1_,6

5.8 0,1897 19.7

5,9 0,2115 25,_

6-0 0,230_ 31.2

6.5 0.3029 56.?

7.0 0,359? 77.8

?-5 0,_098 96.2

0.0 0,_563 113,0

0,5 0,500_ 129,0

9.0 0.5_28 1_3.0

9.5 0,58*Q 157.0

10.0 0.62_ 171.0

11.0 O.70ZS 197-0

12.0 0.??09 222.0

13.0 0.85_1 2_6.0

1_.0 0.9283 ??0.0

15.0 1.002 29_.0

16.0 1.07_ 317.0

17,0 1,1_? 3_0.0

18.0 1.21B 362.0

19.0 1.790 385.0

20.0 1.361 _Ol.O

21.0 1,_32 _29,0

22.0 1.503 _51.0

?3.0 1,573 _72-0

2_*0 1,6_$ _94.0

25.0 1.713 515.0

26.0 1,783 537.0

28.0 1.922 5?9.0

30,0 2,061 622.0

32.0 2.200 b6_.O

3_.0 2.330 706,0

36.0 2.47? 7_8.0

38.0 2.615 790,0
_0,0 2.752 831.0

45,0 3.097 935,0

50.0 3,_0 10_0,0

55.0 3,783 1140.0

60.0 4.126 1250.0

65.0 _-_69 1350,0

10,0 _.011 1_50.Q
75,0 5.153 1550.0

80,0 5._96 1666.0

90.0 6,180 1860,0

100,0 6.8o3 2070,0

125,0 8,513 2580,0

160,0 10.70 3090,0

175,0 11,9_ 3610.0

200-0 13.70 _120.0

225.0 15,_1 4630,0

250,0 17,11 5140.0

275,0 18,82 5660.0

30&.O 20.5] 61?0.0

350,0 23,96 1LEC.O

WO0,D 27.36 8220.0

_50,0 30.78 92_0.0

500.0 3_.20 10300.0

600-0 _1-03 1230_,0

?0_,0 _?.Ob 14_00.0

800.0 5_,69 16_00,0

900.0 61,53 1_600,0

1900-0 60.36 20500.0

110_,0 75.16 2_600.0

1200,0 82.02 2_600,0

1300.0 88,86 2_?00,0

1400.0 95.66 ?_I06.0

1500.0 102.6 30800.0

ISOTHERH ISOCHORE INTERNAL ENTHALRY ENTROPY

DERIVATIVE OERIVATIVE ENERGY

CC-ATM/G ATMIK JIG JIG JIG-K

2.59 3.750 5.766 1.800

3.52 w*690 6,74_ 2,2k2

4.01 5.837 7.961 2.617

_,19 7,256 9,_58 3.020

_,05 9.06_ 11._% 3._78

3,53 ll.61 1_-21 _.063

3,37 12.30 1_.98 _.21_

3.17 13,10 15.89 _.389

2-9E 13.95 16.88 q.B?7

2.70 15.02 10.13 _.012

2.36 16._8 19.93 5.1_0

1*61 18.?0 22.00 5.658

1,53 20.98 25.96 E,210
1.30 22.6_ 28,_1 6.6_3

1.15 23.88 30.30 _.9E8

1.0_ 2_,67 31,87 7.231

0.768 20.33 37.64 e.1_1

0.634 30,08 _1.02 8.776

0.650 33.10 45,55 9.29?

0,489 35.13 49,00 9,737

0.W_3 37,06 52-77 10.18

O.h06 38,92 5S._2 10.49

0.3?6 W0,7_ 58,40 %0.82

0.350 42.50 61.40 11.13

0.310 45.9W 67.30 11.69

0.270 49.32 73.00 12,18

0.253 52,65 70.61 %2.63
0._32 56.95 0_.17 13,05

0.21_ 56,22 89.6? 13._3

0.190 62._9 95.16 %3.78

0.106 65.7_ 1D0.6 1q.11

0,175 68.97 106,0 1_._2

0-165 72.19 111.q JW.ll

0.15_ 75._0 116.8 I_.99

0,148 78.61 127.1 16.25

0.1_1 81.00 127.5 15-50

0.13h 84,99 132.0 15.73

0.128 88,17 130.1 15,96
0,123 9_.0_ 1W3.4 16.18

0.110 9h.52 1W8,7 16,30

0.IC9 100.0 156._ 16.?7

0.102 107-2 169.8 17,14

0.0950 113.5 180.3 17._8

0.0893 119,8 190.q 17.00

0.08_2 126,1 20%.3 18.10

0.0797 132.3 211.8 18,38

0.0?58 %38.6 222.3 16.65

0.0671 154.3 2_8._ 19.76

0.0603 170,0 2?_.5 19.81

0.05_? 185.6 300.E 20.31

0.05C1 201.2 326.? 20.7E

O.O_E3 216.9 362.? ?1.18

0.D429 737.5 378,? 21.57

0.0401 2_8-1 _Q_.8 ?1._

0.03?6 763,7 _30,8 22,_6

0.0_00 326,1 53_,8 23-W?

0.0240 _04.1 66_.? 2_.58

0.0200 _82.0 794.6 25.63

0.0171 560.0 _2_.4 2E.33

0.0%50 637-9 105_,0 ?7.02

0,01_3 7$6,8 118_.0 27.63

0.01_0 793.7 131_.0 28.18

0.0109 871.6 1_.0 28,68

0.01C0 646.5 1574.0 29,13

_.GOB_? %105._ 1833._ 26.63

O.OOlSO 1?61,0 _093.P _C.67

0.00667 141T.0 ?_53,0 31.23

0.00E00 151_.0 2612.0 31.78
0.00500 1804,0 _131.0 _2.17

0.00_29 2196,0 3EB1.C 33.6?

0.00375 2508.0 _170.0 3k.??

0.00333 28_9.0 _689.0 3_.B3

0.00300 3131._ 5209.0 35.38

0.GC273 3_42._ 5778.0 _5.88

0.00250 375_.0 62_7.0 36.33

0,00231 4065.0 6767.n 3E-?_

0,00214 4377.0 7286.0 37.13

0,00200 _689.0 780_.0 37._9

CV

1.?73

1,800

2.06_

2.217

2.397

2.639

?.699
2.7_8

2.765

2.827

2.929

3.098

3.20_

3.227

3.225

3.212

3.168
3.137

3.121

3.112
3.108

3.107

3.107

3.108

3.109

3,112

3.115

3.117

3.119

3-171

3.122

3.123

3.123

3.123

3.12W

3.12_

3.124

3.12_

3.12_

3,12k

3,123

3.123
3.123

3.123

3.122

3.122

3.122

3.121

3,121

3.120

3.120
3.119

3.119

3.119

3.119

3.11_

3.1t0

3.118

3,117

3.117

3.111

3,117

3.117

3.117

3,111

3.11_

3,116

3.116

3.116

3.116

3.116
3.116

3.116

3.116

3.116

3.116

3,116

3.115

3.116

J/G-K

CP

1._02

2.222
2.735

3.k15

W.503
6.925

?.BT9

9.037

10.9]

14.50

22.18

38.2h

27.96

21.28

17.06

lk,h5

9.k_1

7.085

7,188

6.693

6.405

6.203

6,055

5.941

5.78?

5.683

5.607

6.5_9

5,503

5-_63

5.430

5._03

5.381

5.362

5.346

5.332

5.320

5.309

5.300

5,_91
5.227

5.266

5.757

$.2k9

5.248

5.23?

5.233

5.22_

5.218

5.213

5.209

5.207

5.205

5.203

5.?02

5.199

5.198

5.196

5.195
5.IqH

5.15_

5.19_
5.193

5.1_8

6.193

5.193

5.193

5.193

5.193

5.193
5.193

5.193

5.193

5.193

5.193

5.193

5,193

5.]93
5.193

VELOCITY

OF SOUND

x/S

751.0

?;5.k
234.6

220.k

199.9

168.8

161.1

153.8

1_6.1

136.7

126.1

116,5

113.8

11_,7

116.0

119,?

130.9

1_0.7

1_9.2

156.8

163.8

170.2

1?6,3

182-0

192.8

202°7

212,0

220.8

229.2

237-1

?W_*?

752.1

759.1

266.0

272.7

779.1

285.5

291.6

797.6

303.5
31_.9

325.9

336,5

3_6.8

356.7

366._

375.8

398*3

_19.5

_39.?

_59.0

k??,6

_95,_

512,6

529.2

560,9

591.0

660,1

727.7

180.8

833,8

e8_,2

981.8

977.1

1020,C

1107,0

117_,E

12_9.0

1317.0
%h_2.0

1557.0

1665.0

1166.C

1861.0

1952,0

2039.0

2%2?.0

220?.0

2279.0

* TWO-PHASE _OUNCARY

*_ NUMBERS IN TMIS COLUMN HAVE BEEN MULTIPLIEO BY THE INCTCeTED FACTO;
?4



THERMOPHYSICAL PROPERTIES OF HELIUM W

3,0 ATMOSPHERE ISOBAR

TEMPERATURE OENSITY V(DH/BV) V{DPIDU) -V(DP/DV) (OVIOTI/V
p v T p

DEG.K GICC JIG ATM-CC/J ATM IlDEG,K

• o X %0@

" 2,188 15.Z0

Z,5 15.08 68,2 9.68

3.0 1_.89 kr,Q 12.6

3.5 1_.38 NO.Z 13,5

• *O 13,81 35*G 13,7

_.5 13,03 30,_ 13.0

5.0 11.73 2_.6 11._

5.1 11,3S 23,3 11,0

5oZ 10.83 22°0 10,6

5,3 10._0 20.5 10,3

5,k 9.753 18.8 9.8C

5,5 8.807 17.2 9,13

5,6 7._23 16.1 8.31
5.7 6.10k 16.3 7.82

5.8 5.2t2 17,C 7.62
5o9 _,728 17o9 7,53

6,0 _.3_0 18.8 7._7

6.5 3.302 23,0 7,3_

?.@ 2.?_o 26,9 7.27

?.5 ?*_0 30._ 7,22

8,0 2.102 33*8 T,18

8,5 1.999 37,1 7.13

9,0 1,8_2 _0.3 7,16

9.5 1,712 _3°_ 7.07
10,0 1.692 _6.5 7,0_

11.0 1,_23 52.W 7,00

12,0 1.208 58.2 6.96

13,0 1,171 6_*0 6.93

1_,0 1,0_I 69.7 6°91

15.0 0.998 1S,3 6,88

I6,0 0,9105 80.9 6.86

17.0 0.8F19 86.5 6,8_

18.0 0.8205 92.0 6,82

110 0,775% 97.5 6,80

20.@ 6.73_6 103.0 6.79

21.0 0.6983 108.@ 6.77

22.0 0.6055 11_.0 6,76

23.0 0,6358 119.0 6,75

ZW.O 0,6_86 1Z_.0 6,7_

25.0 _,8_37 13_.0 6,7_

26._ 0,56_9 135,0 6.73

28.0 0.5202 1_6._ 6,72

30.0 0._551 156,0 6.?0

32.0 0._5_5 167.0 6,69

3_._ 0._276 178,0 6.69

36.0 0._@38 188.4 6.68

38.Q 0.3525 199.0 6,6?

_0,0 0,3633 Z09,0 6°67

_5.6 0*322_ 235.0 6,65

50.0 0.2_07 Z61.0 6,65

55.0 0.?_3 288.0 6.6_

60,0 O*ZWZ_ 31W,0 6,63

65.0 0,7238 3h0.0 6.63

70.0 0.Z0?9 366.0 6.62

75,0 0*1981 392.0 6.62

80,0 0,1820 w1_.0 6.62

30,_ G,1618 _?0._ 6.61
100.0 0.1_57 5ZZ.6 6.6!

125,0 0,1167 652,0 6.66

150.0 _.09726 782.0 6,60

175.0 0.08381 911.0 6,59
_Od.O 0,073_0 I0_.0 6,59

225,0 0.06_91 1170,0 6.59

250,0 0.058_3 1300,Q 6.59

275.0 0.05313 1_$8,0 6.59

300.0 0,_871 1560.C 6.59

350,0 O,ONI?6 1820,0 6.59

_0_.0 0.03655 2080.0 6.58

_5_.0 0.03_9 23_0.0 6.58

500.0 0.029_ _6_0,0 6,$8

600.0 0,0_37 3120,0 6,58

700.0 0.02089 36_0.0 6.58

800,0 0,01828 _166,C 6,58

900.0 0,0_625 _680.0 6,58

1000,0 0,01863 52_0.Q 6.5_

1100.0 0,01330 5710,_ 6,58

1_0.0 0,01219 6230._ 6,58

1300,0 0.91125 6750*D 6,58

l_OQ,O 0.010_5 727_,0 6,58

150_.0 _,G0975_ 7790._ 6,58

THERMAL VISCOSITY THERMAL

CONDUCTIVITY DIFFUSIVITY

HH/CM-K G/CM-S SQ-CH/S

_" X 100&060

OIELECIRIC

CONSTANT

PRANDIL

hUMBER

87,W 0.0296 0.173 _3.8 0.00060_ 1._5679 0,W80

78.W 0,0873 0.189 WZ,9 0.004575 1.05570 0.SCW

55,9 0,068_ 0,200 _0,? 0.0G051_ 1.05_12 0.856

_3.0 0.097_ O.ZC9 38.0 0.000_ 1.0519_ 0.619

27,3 G,1_8 0,21_ 38.9 0.000066 1.0_88_ 0*?33

17.E 0.281 0.213 31.0 0.000262 1.0_398 1.01

10.0 0.338 0,212 30.1 0.00_238 1.0_256 1.12

7.7_ 0._I0 0,211 29.0 0.000_1_ 1,0_082 I*Z_

5.5W G,53_ 0.211 28._ 0.0_0186 1.0389_ 1,_5

3.51 6.770 0.21_ 26.8 0,00_151 1.03650 1,81

1.83 1.29 8*22_ 25.2 9,00011_ 1.03300 2.W9

Q.9Z7 2,06 0.238 23,1 0.000_965 1,02711 3,22

0.89_ 1.71 0.213 21.5 0.0_125 1,02275 Z.82

1.0_ 1,25 0.190 20.7 0,000169 1.01963 2,32

1.2_ b*95_ 0,176 20.3 0,000218 1.8175_ 1.96

1.36 0,769 0,168 20.0 0,000268 1,01615 1,7_

1.87 b,Wl_ 0,156 19.9 0.000501 1,01227 1,20

2,16 Q.293 _,157 20.3 0.000715 1,01012 1.02

2.35 6,23_ 0,160 20.9 0.000920 1.0_906 0.931

2._7 0.198 0.16_ _1.5 Q,06112 1,00813 0.876

2.57 0.173 0.1E9 22,? 0,00132 1,00?_1 0.8_0

2.6_ C.15_ 0.17_ 22.9 0.@0153 %*00683 0,81_

2.?G 0.139 @,179 23,6 0.00173 1,01635 0,795

2.7_ 0.128 0,18_ 2_.2 0.0019_ 1.0:59_ 0,780

2.80 0.110 @.185 25.6 0.00236 1,03528 0.761

2.65 _.0976 0.20_ 26,_ 0.00280 1.00_76 0.7_9

2.89 _,0876 8.21_ 28,? _*00326 1.00_3_ 0,7_0

2,91 0,0796 _.223 29.5 3.00373 1.0_399 0,73_

2.93 0.0711 a.232 30.8 0*00_22 1.00370 0,738

2.95 0.0675 _.Z_1 32.0 0.00_73 1._03_5 8,726

2.96 _.0628 0.2_9 33,2 0,005_6 1,00323 8,723

2.97 0,0587 0,257 3_._ 0.0_581 1._030_ 0,721

2.98 0.6552 _,265 35.5 0,00636 1.0J787 0.720

2.9_ 0._521 0.?73 36.6 0.0069_ 1.0_272 0,718

2,99 0.0_9_ 3,281 37.7 0,00753 I._0259 8,718

3.00 0.0_69 0.289 38.8 _.0C81_ 1,0_2W7 8,717

3.06 0.0_7 _,296 39,9 0.00876 h00236 0.716

3,0_ _.0_77 0.30_ _0.9 0.009_0 1.00225 0.716

3*01 0.0_08 @.311 _2.0 0.0100 1.06216 0.715

3.0_ 0.0392 0.318 _3.[ 0.0107 1.0@208 0.715

3,0% 0.6362 0.332 _5,0 @.0121 1.00193 0.715

3*02 0,0337 3,3_6 h6,9 0.0135 1.03180 0,71_

3.02 0.0315 0.359 _8.8 @.0150 1,00168 G,71_

3,02 _,0296 0.372 50,6 0.0166 1,03158 0,713
3,02 0,0279 0,385 52,_ 0.0182 1.00150 0,713

3.02 Q,CZB_ _.398 5h.2 0._199 1.031_2 0.712

3.02 0.0250 0._11 55.9 0,021E 1.00135 0,712

3.02 0.0222 0,_I 60,0 0.0262 1,00120 0.710

3.02 0,0204 0._71 6_.G 0.0311 1._3108 8.709

3,02 0.0181 0.500 67,8 0.0363 1._098 0.707

3*62 0,0166 0*528 71.5 _.0_19 I*00090 0.705

3,b2 0.0153 _.556 75.1 0.0_77 1.03083 0.7C3

3.02 0.01_2 _.583 78,6 C.0539 1.C0077 0.701

3.02 0.0133 0.610 82,0 _.06_ 1.0_072 0.699

3.07 6,0125 _.636 85.3 0.6672 1.03067 0.697
3,01 0.0111 0.688 91.8 0.0818 1,0_060 0.69_

3.G1 0.0100 0.738 98.0 0.097_ 1.0)05_ 0.691

3.01 0*00797 _.858 111,0 0.1_1 1,OuO_3 0.673

3,dl 0,00665 _.971 125,0 @.192 1._0036 0.6?0

3.01 0,&057_ 1.06 139.0 3.2_9 1.0J031 0.668

3,01 0,00_9_ 1.18 152.0 0.311 1.00027 0.66?

3.61 0.00_ 1.28 16_*0 0.379 1.0_02_ 0.666

3.&1 4.40399 1.37 176.0 0._52 I*0_022 0.666

3.00 0.03363 L._6 188._ 0.53_ 1,03026 0,667

3.00 0.00333 1.55 199,9 0,612 _.00018 0.669

3.00 0,00285 1,72 222,0 0.79_ 1.00015 0.668

3,00 0,00250 _.89 243,0 _.06 1,0001_ 0.668

3.43 G.00222 Z,_5 26_.0 1.22 1.00012 0,668

3,60 Q,O_2JQ Z,21 28_,; 1,_5 1,00011 0.66?

3,00 0,00167 2,51 322.0 1.98 1.0000_ 0.66?

3,00 0.001_3 2.8_ 359.0 2,58 1._vC08 0,66?

3.44 C.00125 3.07 39_._ 3.2_ 1.D00_7 0*667

3,0_ 6,00111 3.3_ _28._ 3.96 1._00_6 0,666

3*Oh 0,0010_ 3,60 _62.0 _*?_ 1,00GQ5 0,666

3,G6 0,_0_9J9 3.05 _9k._ 5.57 1.0_005 0.666

3,6_ 0.030833 _,1_ 525*0 6,_7 1,00005 0*666

3.G0 0.G00769 _.3_ 556.0 7,_2 1,00_0_ 0.666

3._0 0.00071_ _.57 586,@ 8._2 1.0300_ 0.666

3.0d b.00_666 _.Bu 615.0 9._8 1,.00C0_ 0,666

TWO-_HASE BOUNDARY

"" NUMBERS IN THIS _GLUMN HAVE BEEN MULTIPLIEO _Y THE INDICATED FACTO_
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THERMODYNAMIC PROPFRTIES OF HELIUM 4

3.S ATMOSPHERE IS09AR

TEMPERATURE VOLU�E ISOTHERH ISOCHORE
CCIG DERIVATIVE DERIVATIVE

DEG. K "" X ,01 CC-ATM/G ATMIK

2,143 0,065_4

2,5 0.06597 604,0 2.57

3.0 0.06712 528,0 3,53

3.5 0.0639N 436.0 4.05

W,O 0.07162 339.0 4,27

4.5 0.07566 239,0 4.17

5,0 0.33259 139.0 3.73

5,1 0.08_69 121,0 3,60

5.Z 0,00774 LQS.0 3._5

5-3 0.00999 08,6 3.30

5.4 0,09336 71.9 3.12

5,5 0.0977! 56.0 ?,92

5.6 0.1036 h1-5 Z-69

5.7 0.1172 79,5 2.42

5.8 0.12_9 ZE.Z 2,11

5.9 0.1_18 20.9 1.82

6.0 0.1594 23.3 1,59

6.5 0.2330 W5,2 1.03

7.0 0,?831 67,_ 0.01J

7.5 0.33_0 87,1 0.60{

8.0 0,3772 %05,Q 0.602

0.5 0,4169 121.0 0.540

9,0 0.45_7 137,0 0.491

9.5 0.491? 152.0 0.45?

1C.0 0.5267 166.0 0.470

11.0 0.535? 193.0 0,369

12.0 0.6619 218.0 0.330

13.0 0.7273 B43.0 0.299

1h.O 0.7917 268.0 0.27_

15.0 0.8555 297.0 0,253

16.0 0,9135 315.0 0,237

17,0 0.9010 339,0 0.219

16.0 1-043 361-0 0.205

19.0 1,105 389,0 0.197

20.0 1,166 406,0 0,103

21*0 1.?77 429,0 0.173

22.0 1.?80 451.0 0.165

23.0 1.343 473°0 0.157

24.0 1.40_ 494.0 0.150

25.0 1._6_ 516.0 0.14_

?6.0 1.5?_ 537,0 9,138

Z8.0 1,6_9 580.0 0.128

30.0 1.760 623.0 0.110

32-0 1.888 665.0 0.111

3_,0 B,006 708.0 0.104

36.0 2.1?5 750,0 0,098_

38.0 2.2_W 797,0 0.0931

40.0 2.36Z 033.0 0.0083

45.0 2.657 938.0 0.0783

50.0 2.952 1Q_O.O 0.070_

55-0 3.246 11_0.0 0.0639

60.0 3,5_0 1750.0 0,0585

65,0 3.034 1350.0 0,05_0

70.0 4,1?8 1450.0 0.0501

75.0 _-4?1 1560,0 0.0_8
80.0 k.71_ 1660.0 0.0430

90,0 5.301 1870.0 0.0389

100.0 _.80T 2070.0 0.0350

1?5,0 7.352 ?580,0 0.0280

150,0 8.817 3100.0 0.0233

17_.0 10.28 3610.0 0,0200

200.0 11.75 4170.0 0.0175

22_.0 13.21 4630.0 C.0156
250.0 14,67 5150.0 0.01_0

275.0 16.14 5660.0 0.0127

300.0 17.60 6_70-0 0.0117

350.0 B0.53 7?00.0 0.0100

400.0 23._6 BB?O.Q 0.00875

450.0 26.39 q?50.0 0.00773

500-0 29.31 1030_,0 0.00?00

600.0 35.17 12300,0 0.00583

700.0 _1.03 1_400.0 0.00500

800,0 _6,88 16400.0 0.00437

900.0 52.?_ 18500.0 0.00389

100C.0 58.60 20500,0 0.00350

1100.0 64.45 2?600.0 0.00318

1200,0 70.31 2_600.0 0.00?9?

1300.0 76.17 26T00.0 0.00269

1W00.0 82.02 28700.0 0.00250
1500-0 87.88 30800.0 0._0233

INTERNAL ENTNAL_Y ENTROPY CV

ENERGY

J/G JIG J/C-K

3.726 6.00_ 1.065 1.751

4,645 7.0?5 ?.222 1.077

5,765 8.710 2.591 2.055

7.141 9,681 2.985 ?.?05

8.073 11,56 3.426 ?-379

11,21 1_.13 3.963 ?.605

11,80 14,fi0 4.093 ?.656

12._5 15-55 4.236 ?-697

13.12 16.31 4.381 ?.691

13,86 17,17 4.541 ?.723

14,70 18,17 4°725 2.765

15.71 19,30 4.944 2.82_

16.95 ?0.93 5.217 ?.900

18.49 ??.92 _.563 3.00?

20.15 25.20 5.955 3.108

21.67 27,33 6.311 3.155

26.55 34.81 7.513 3.169

79,60 35,P1 8.757 3,141

32.06 _3-9_ 8.026 3.173

34°25 _7.63 q,303 3.113

36.B9 51,07 9.7?0 3,108

3_,23 54.35 10.10 3.106

_0.10 57.52 10.44 3.106

41.92 60.EO 10.75 3.106

45._? 66,53 11.37 3.108

48,85 72.32 11.82 3.111

57.72 78.01 12.28 3.11_

55.55 83.03 12.70 3.117

58.85 89,19 13.08 3,1?0

62,15 94,77 13.44 3.1?1

65.42 100.? 13.77 3,173
68.67 105,7 14.00 3,173

71,91 111.1 14._8 3.12W

75,1_ 116.E 14.65 3.17_

70.36 121.9 14.97 3.175

81,56 127.? 15,17 3.125

84,76 132.E 15.40 3,1?5

87.95 137,9 1_.63 3.175

91.14 1_3.2 15.05 3.1?5

94,37 1_0.E 16.06 3,175

lO0.? 159.1 1E.W_ 3.125

107.0 169,7 IE.81 3.174

113.3 180._ 17.15 3.1Z_

119,6 190,0 17._7 3.17_

125.9 201,3 17,77 3.1?3
132.? 711.0 18-0_ 3.173

138.6 222.? 18.33 3.123

154.? 248.4 18.94 3.122

169.9 274.6 19._9 3.121

185.5 300.7 1_.99 3,121

?01.2 3?6,7 2C,4_ 3,170

716,8 352._ ?0.86 3.120

232.4 378.0 ?1-25 3.1?0

2_8.1 404,9 ?1.61 3.119

763.7 k30._ _1.9_ 3-119

294,9 482.9 22.55 3.119

326.1 534,9 2_,10 3.116

40_.1 664.8 2_.26 3.118

_82.0 794.7 75,71 3.117

560.0 9?k,E 26.01 3.117

637-9 105_.0 ?_.70 3.117

715,8 118_,0 27.31 3,117

?93.7 131_.0 27.8E 3.117

_71.6 1_4_,0 26.36 3,117

949.5 1574.0 ?8,81 3.117
1105.0 1833.C 29.61 3,117

1761.0 ?093,0 30.30 3.117

1417.0 2353.0 30-91 3.116

1573.0 7612.0 31.46 3,116

188_,0 3132.0 32.41 3.116

2196.0 _651.0 33.21 3.116
2508.0 4170.0 33.90 3.116

2819,0 _690.0 34.51 3.116

3131,0 5209,0 35.06 3.116

3442.0 5720.0 35°56 3,116

375_.0 62_7,0 3E.01 3,116

4066,0 6767.0 36,42 3.116

4_77,0 7286,0 3E.81 3,116

4689,0 7805.0 37.17 3.116

JtG-K

CP

1.072

2-195
2,600

3.322

k.277

6.080

6.631

7,228

B.025

9,191

10.08

13.40

17.32

21,_9

72.23
19.92

11.57

0.890

7,730

7.096

6.700

6.431

6,238

6.093

5,900

5.772

5.680
5.611

5.55?

5. 509

5.471

5.439

5,_13

5,390

5.371

5,355

5.3_1

6°328

5.317

5.308

5,291

5.278

5.267

9.259

5.251

5-2_5

5.239

5.229
S-???

5°216

5.212

5.209

5-20?

5,205

5.203

5.200

_.199

5.196

5.399

5,19_

5.19_

5.19_
5.193

5,193

5,193

5,193

5.193

5-193

5,193

S.193

5.193

5,193

5.193

5,193

5.193

5.193

5.193

5.193

5.193

VELOCITY

OF SOUND

MIS

259.?

250-k
240.3

227,3

200.6

101.3

174.9

169.3

161.6

156.6

149.k

141.6

133,6

126.9

123.0
122,1

129.3

139.0

147.8

155.6

16_.8

169-5

175.7

101._

192.5

20?-6

217.1
221.0

229.5

237,5

2_5-1

262.5

259.E

266.5

273.?

229.7

286.0

292.2

298.?

304.1

315.5

326-5

337.1

347.4

357.3

361.0

376.4

398.9
420.1

4_0.3

459.6

473.1

495.9

51].1

529.7

561,k

591.h

660,5

723.1

780°6

03;.1
88_.5

932.1

977._

1021.0

1102.0

1178.0

17_9-0

1317,@

lkk?.O

1557,0

1666.0

1766,0

1861,_

1052.0

2039,0

2122,0

2202.0

2279.0

TWO-PHASE _DUNDA RY

'_ NUMBERS IN THIS COLUMN HAVE BEEN H_LTIPLIEC BY THE INDICaTeD F_CTOR
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THERMOPHYSIDALRRORERTIESOFHELIUM3.SATMOSPHEREISDBAR

TEMPERATURE DEqSITY VIOH/DVI V(DP/OU)
p v

DEG, K G/CC J/_ ATH-CC/J

• o X 1QC

• 2.1_3 15.28

2,5 15.17 66,6 9.69

3.0 1W,90 kB._ 12.6

3.5 1_.50 _2.0 13,6

6.0 13,95 36.$ 13.9

W.$ 13.22 32._ 13.3

5,0 12,11 27._ 11.8
5.1 11.81 Z6.3 11.5

5,Z 11._6 25.3 11.2

5.3 11.11 2_.0 11.0

5.b 10.71 22,? 10.7

5.6 10.23 21.3 10.3

5,0 9.651 20.0 9.08

5.7 8.91N 18.8 9.36

5.8 8.005 10.0 0.80

B,9 7.053 18.0 8.32

6.0 6.27k 18.3 0.03

6.5 _.292 21.8 ?.58

Y.O 3._72 25.6 T.66
?.5 2.93? 29.3 7.36

6,0 2.651 32.8 2.29
B.5 2.379 36.1 2.2_

9,0 2,199 39._ ?.19

9.5 2.036 62.6 7.15

10,0 1.890 60.7 7.12

11.0 1.680 61.7 T.07

12,0 1.511 57.7 7,03

10.0 1.325 63.5 6.99

16.0 1.203 69.3 6,96

15.0 1.159 75.0 6,93

16.0 1.089 00.6 6.90

17.0 1,019 06.2 6.08

18,0 0.9587 91.8 6.86

19,0 0.q052 97.3 6.86

20.0 0.8576 103.0 6.82

21.0 0.8150 100.0 6.81

22,0 0.7765 11_.0 6.79

23.0 0.7616 119.0 6.78

26,0 0.7098 12_.0 6.27

25,0 J,6807 150.0 6.76

26.0 C.fi539 135.C 6.?5

28.0 0.606W 166.0 6.76

30.0 0.5605 152.0 6.72

32.0 0,5298 167,0 6.71

36.0 0._98_ 128,0 6.?0

36.0 0.N706 180.0 6.70

38.0 0.N657 199.0 6.69

WO.O 0.6_36 209.0 6.68

65.0 0.3?63 236.0 6,B7

50.0 0.336B 262.0 6.66

55.0 0.3080 286.0 6.66

60.0 0.2825 316.0 6.6_

65.0 0.2608 3_0.0 6.6_

70.0 0.2623 366.0 6,63

75.0 0.2262 392.0 6.63

80,0 0.2121 _18.G 6.62

90.0 0.1886 _70.0 6.62

100.0 0.1699 922.0 6.61

125.0 0.1360 652.0 6.60

150.0 0.1136 782.0 6.60

175.0 0.09726 912.0 6.60

200.0 0.08516 10_0.0 6.99

225,0 0.07570 1170.0 6.59

250.0 0.06055 1300.0 6.59

275.0 0.06197 1630.0 6.59

300,0 0.05661 1560,0 6.59

350.0 0.0_071 1820.0 6.59

600.0 0.06263 2060.0 6,58

_50.0 0.03790 23_0.0 6.5_

500,0 0.03611 2600.0 6.58

600.0 0.02063 3120.D 6.56

700.0 0.02k3? 36_0.0 8.56

800.0 0.02133 N160.] 6.58

900.0 0.01896 _680.0 6.58

1000.0 0.01707 5200.0 6.58

1100.0 0.01052 5710.0 6.58

1200.0 0.01W22 6230.0 6.58

1300.0 0.01313 67S0,0 6.58

1_00.0 0.01219 7270.0 6.58

1500,0 0.01136 TTBO.O 6.58

-VIDP/BV) (OV/DT)IV
T p

AIM IlOEG. K

91,6 0.0201
78.6 O.OW_9

63.2 Q,Q6WO
_?.3 C.0902

31.6 0.132

16.9 0.221

1W,3 0.252

12.1 0,286

9.8w G.335

7,?0 0.6O6

5.73 0.510

N.QO 0.672

2.63 0.BZO

1.78 1.19

1.67 1.26
1.66 1.09

1.9W 0.531

2.60 0.26q

2.78 0.216

2,91 0.185

3.01 0.163

3._9 G.1_6

3.15 0.133

3.26 0.116

3.30 0.100

3.35 0.6695

3.38 0.081_

3._1 0.0761

3._3 G.0B83

3._5 0.0635

3.W6 0.0593

3._8 0.0556

3._9 0.0525
3,_9 0,0_96

3.50 0,_71

3.50 b. Q6q9

3.51 C.0_20

3.51 G.0610

3.51 0.6393

3.52 0.0363

3.52 0.0337

3.5_ £.0315

3.53 0.0296

3.53 0.0279

3.53 0.0266

3.53 0.0250

3.53 0.0222

3.53 0.G200

3.53 G,0101

3.53 0.0166

3.52 0.0153

3.52 O.01k2

3.52 0.0133

3.52 0.G126

3.52 0.0111

3.52 0.0100

3.01 0.00797

3.51 0,00666

3.51 0.0057U

3.51 0.00_99
3.51 0.006H3

3.51 0.00399

3.51 0.00363

3.51 0,60333

3.50 0.00285

3.50 0.00250

3.50 C.00222

3.50 0.00200

3.50 0.00167

3.5_ 0.001N3

3.50 0.00126

3.50 0.00111

3.50 0.00100

3.50 0.000909

3.50 0.000833

3._0 0.000769

3.50 G.000716

3.50 0.000666

THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL

CONDUCTIVITY DIFFUSIVITY CCNSTANT NUMBER

MW/CH-K GICH-S SQ-CMIS

"" X I00C000

0.175 _.6 0.000615 1.05713 0._80

0.191 W3.9 0.000583 1.05609 0.506

0.2_2 _1,7 0,000619 1,03_56 0.55_

].212 39.0 _._0_52 1.05251 0.611
0,218 35.9 0.000385 1.0_960 0.206

0.216 32._ 0.000295 1.0_5_ 0.905

0.217 31.6 0.00027? 1.06_29 0.967

0.216 30.7 0,00026J 1.0_290 1.03

0.215 29.9 0.0002kl 1.0_166 1.12

0.215 29.1 0.00_21_ 1,0_013 1.25

0.21N 20.1 0.000192 1.03833 1.h3

0.215 27.1 0.0G_166 1.03E12 1.70

0.217 25.9 0.0001_1 1,03333 2.06

0.219 2k.5 0.000127 1.02990 2._1

0.212 23.3 _.003135 1.02632 2.N_

0.200 22.5 O.CQOIbb 1.02339 2.2h

0.170 21.2 0.00_3hl 1.01597 1.qk

_.169 21.2 0.000_33 1.01290 1.15

0.166 21.6 0.00_718 1.31109 1.01

0.169 22.2 0.0_0898 1.0098_ 0.930
0.173 22.7 _.O01CB 1,30890 0.880

_.178 23.6 _.00126 1.00816 0.8h6

0.183 2_.0 0.0u1_ 1.00755 0.821

0.187 2_.7 0.00162 1.0070W 0.802

0.197 26,0 0.00199 1,00_23 O.??B

0.207 27.3 0.00237 1.0_560 0.762

0.216 28.5 0.0C277 1.00510 0.751

0.225 29.8 0.00318 1.00_68 0.7_3

_.23_ 31.0 0.00360 1,00633 0.737

0.2_2 32.2 0.00_C_ 1._Q_06 G.732

0.251 33,_ O,OG_5_ 1.00328 0.729

0.259 3H.6 0.00_97 1._3355 0.726

0.267 35.7 0.005_5 1.0_335 0.72_

0.276 36,8 0.09595 1._3318 0.722

0,283 37.9 0,00666 1.03302 D.721

0.290 39.0 0.00698 1.0_288 0.720
0.298 60.1 0.Q0752 1.0_275 0.719

0.3_6 _1.1 0.008_6 1.03263 0.718

0.312 _2.1 0.00_63 1,00252 0.710

0.319 _3.1 0.00920 1,002_2 0.717

0.333 _5.1 0.010_ 1.00225 0.716

0.3_? _7.0 0.0116 1.00209 0.716

0,360 h6.9 O.01ZB 1,03196 0,715

0.326 50.7 0.01W3 1.I0156 0.71_

0.386 52.5 0.0156 1.0_17_ 0.716

0.399 5W.3 0.0171 1.01165 0.713

0.612 56.0 0.9186 1.03152 0.712

0.6_2 60.1 0.0225 1.03139 0.711

0,_72 6V.1 0.0267 1.001_5 D.709

0.501 67.9 0.0312 1.0u11_ 0.707

0.529 71,6 0.0359 1.03105 0.705

0.557 70.2 0.0_10 1.0_]97 0,7G3

0.58N ?B._ 0.0k63 1.00090 0,701

0.611 02.1 0.0519 1._0_B_ 0.699

0.B37 85,_ _.0527 1.00079 0.697

0.608 91.9 0.0732 1.0_070 0.696

0.738 98.1 0.083E 1.0)063 0.691

0.858 111.0 0.121 1.00050 0.673

0.971 125.0 0.165 1.0_062 0.670

1.08 139.0 0.216 1.03036 0.668

1.18 152.0 0.267 1.00032 0.66?

1.26 16N,0 0.325 1.00028 0.666

1.37 176.0 3.388 1.00025 0.b66

1.66 188.0 0,685 1,00023 0,667

1.55 190.0 Q.525 1.00021 0.669

1.72 222.0 _.681 1,00018 0.668

1.89 263.0 0.853 1.03016 0.668

2.06 266.0 1.06 1.0_016 0.660

2.21 286.0 1.25 1.00013 0.667

2.51 322.0 1,70 1._0011 0.66?

2.80 359,0 2,21 1,00009 0.667

3.07 39_.0 2,7? 1._00_B 0,667

3.36 N28,0 3.39 1.00007 0*666

3.6C 662.0 W.06 1.0)0U6 0.666

3.65 N96.0 6.70 1.00006 0.606

_.10 525.0 5,55 1.03095 0.666

6.3_ 556.0 6.36 1.0]G_5 0.666

6.57 586,0 ?.22 1.0_005 0.666

_.80 615.0 8.12 1.0000N 0.666

THO-PHASE BOUNOAqY

_" NUMBERS IN T_IS _OLUMN HAVE BEEN MULTIPLIED BY THE INBICATEO FACTOR
¥?



THERMODYNAMIC PROPERTIES OF HELIUM 4

N,O ATMOSPHERE ISOBAR

TEMPERATURE VCLU_E

CC/G

DEE, K _ X .01

2.138 0.06510

2.9 0.06556 627.0

3,0 0,06669 552.0

3,5 0.06541 461.0

4,0 0,0_090 365.0

4.5 0.07_58 267,0

5,0 0.0_053 170.0

5-1 0.08223 152-0

5,2 0,08421 137,0

5,3 0.08625 121.0

5.4 0.08362 104.0

5.5 0,09142 88.4

5,6 0,09483 73,5

5.7 0,09906 59.7

5.8 0.10_5 N7.5

5.9 0.111/ 3/.0

E.O 0,1211 31,5

E.5 0,1819 39.0

T,O 0.23_4 59,Z

?.S 0,2/86 79,1

8,0 0,3179 97.6

8.5 0,35_3 115.0

9.0 0.388T 131,0

9,5 0,4216 146.0

10,0 0,W536 161,0

11,0 0.5148 189,0

12,0 0.01_2 215.0

13,0 0.6323 2_1.0
1_,0 O._d3W 265.0

15.0 0./_58 290.0

16,0 0,8015 314,0

17,0 0.0567 332,0

18.0 0.911_ 360.0

19.0 0.9657 383.0

20.0 1.020 _06.0

21.0 1.07] _28,0

22.0 1.127 451.0

23,0 1,180 413.0

29,0 1,Z33 _95,0

2_.0 1.2_ 516,0

26.0 1.333 538.0

20,0 I._W_ 581,0

30.0 1.549 62_.0

32.0 1.653 667.0

34,0 1.158 _09.0

36,0 1.862 751,0

38,0 1,965 793.0

40.0 Z,069 835.0

45.0 2.32_ 940.0

50.0 2.508 10_0,0

55,0 2,8_ 1150.0

60.0 3,101 1250.0

65.0 3,358 1350,0

70,0 3.615 145_,0

75.0 3,822 1560.0

80.0 _,129 166C.0

90-0 _.642 1870.0

1C0.0 5,155 2010.0

125.0 6._37 25_0,0

150.0 7.719 3100,0

175.0 9.0_3 3610.0

200.0 10.2_ _120.0

225.0 11.56 _EWO.O
266,0 12.84 5150,0

275,0 1_,1_ 5660.0

300,0 1S,WI 6170.0
350.0 17,92 7200.0

#00.0 20.53 8220.0

_50.0 23.0_ 9250,0

500.0 25.65 t0300,0

600,0 30.78 l?3OO,O
700.0 35.90 14_00,0

800,0 _1,03 16400,0

900.0 _6,15 18500.0

IOCO,O 51,2_ 20500,0

1100*0 56._0 22600,0
1200.0 61.52 2_600,0

130_,0 66.65 26700.0

1400.0 71,11 28100.0

150_,0 16.90 3080C,0

1SOTHERH 1SOCHORE INTERNAL ENTHaLPY ENTROPY
DERIVATIVE OERIVATIVE ENERGY

CC-ATM/G ATM/K JIG JIG J/G-K

Z.56 3,706 6,36I 1,851

3,5_ N,EOS 7.308 2.203

4.09 5-700 8.W73 2.567

4.33 7.038 9.911 2,952

4,27 8.703 11.73 3.379

3.90 10,88 1_.I5 3.884

3.79 11._2 1_.?_ _.001

3.67 12,00 15,41 _.127

3,54 12,57 16.07 _.251

3._0 13.19 16.78 4.38k
3.25 13.86 17.56 _.528

3.08 1_,60 18._4 k.687

2,89 15.4_ 19.k_ 4.06h

2-69 16-38 20.62 5.068

2.h6 17._8 22,01 _,306

2,22 18.72 23.63 5.579

1*37 2_.4q 31.86 E.900

1.02 28,17 3?.67 7.762

0.8k3 30.96 k2.2_ 8.393

0.727 33.32 _6.21 8.906

0,6W5 39.k8 49.84 9.3R1
0.583 37.53 $3.26 9,738

0.533 39.45 56.54 10.09

0._93 41,32 59.70 10.42

0._31 44.90 69.76 11.00

_._Sk 48.37 71.68 1_,51

0.347 $1,79 77.kl 11,97

0.317 55.15 83.0_ %_.39

0.292 58,_8 88.70 12.78

0,271 61.80 9k._9 13.14

0,252 69,10 99,8 13.47

0.23E 68.37 105.3 13.79

0,_23 71.63 110.8 1_.08

0.210 7_.87 116.2 14.36

0,199 78.11 121.E 1_.63

0.189 81-33 127,0 14.88

0.180 84.5_ 132,_ 16.12

0,172 87.74 137,7 15.34

0.165 90.9_ I_3.1 15.56

0,158 94.13 198.h 15.77

0,196 100,5 199.0 AE.IE

O.I3E 106,8 169,E 16.53

0.127 113-2 180.2 16.37

_.I19 119,5 190.7 17,19
0.113 125,5 201.3 17.49

0.107 132.1 211.8 17.70

0.101 138,h 222._ 18.0_

0.0896 15_.1 248.5 18.66

0,0805 169.8 274.6 19.21

0.C731 185,5 300,7 19.71

0.0669 201.1 326.8 20.16

0.0617 216.8 352-9 20,_8

0.0573 232,W 378,9 20.97

O.053N ?_8,0 405,0 21.33

0.G9C1 Z63,6 431.0 21.66

0.04_5 29_.9 &83.0 22.28

O._CO 326.1 535.0 22.82

0,0320 40_.I 661,0 2_,98

0.0267 _82.0 79_.9 2k.93

0.0229 560.0 92_.7 25.73

0,0200 637,q I055.0 26-k3

0,0178 115,8 118k.0 27.0_

O,OIEO 793,7 131k.0 22.58

0.01_5 871,6 1_k.0 28.08

0.0133 9_9.6 I57_,0 28.53

O.OlI_ 1005-0 183k.0 29.33

0.C100 1261,0 2093._ 30.03

0.00889 1417.0 23S3.0 30.6_

0.00800 1573.0 2613.0 31.18

0.00667 188_,0 3132.0 32.13

0,00571 2196.0 3651,0 32.93

0.00500 7500.0 W170.0 33,67

0.00_ 2819.0 _690.0 34,2_

O.UOkGO 3131,0 5209.0 34.78

0,0036_ 3442.0 5728.0 36.28

0.00333 375_.0 62_8.0 35,73

0.00308 _066.0 6767.0 36.15

0.00286 k377,0 1286,0 36.53

0.00267 4689,0 7805,0 36.89

CV

1.730

1.864

2.046

2.193

?,369

2,578

2,625

2.654

2,645

2-666

2.693

2.726

2.768

2.819

2.083

2.956

3.1_2

3.137

3.122

3.112

3.102

3.105

3.104

3.105

3.107

3.110

3.114
3.117

3.120

3.122

3.123

3.12_

3.125

3.126

3.126

3.126

3,126

3.126

3.126

3.126

3.126

3.125

3.125

3.125

3,12_

3.12k

3.12q

3.123

3.122

3.122

3.121
3.121

3.120

3.120

3.120

3.119

3,119

3,118

3*118
3,117

3.117

3.112

3,117

3.117

3.112

3.117

3.117

3.117

3.116

3.116

3.116

3,116
3.116

3.116

3,116

3.116

3.116

3,116

3,116

J/G-K

CP

1.8_3

2.170

2.6R6

3,242

W,100

5.528

5.933

6.326

6.799

7.k3W

8,2R6

9.308

10.72

12.51

14.82

16.89

13.66
10.05

8.N1_

7.547

7.023

6.62T

6._33

6.292

6.016

5,863

5.755
5.6?4

5.611

5.556

9.511

5.N75

5,_44

5.419

5.397

5,378

5,362

5.347

5-335

5,32k

5,309

5.290

5,278

5.268

5.259

5.252

5.2k6

9.23_
5,226

5.220

5.215

5.211

5.208

5°206
S.20_

5.202

_.200

5.197

S.199

5.19q

5.194

5.194

5.193

5.193

5.193

5.193

5.193

9.193

5o193

5.193

5.193

5._93

5.193

S.193

5.193

5.193

5.193

5.193

5,193

VELOCITY
OF SOUNO

MIS

260,2

255.2

245.8

233.8

216,6

192.0

186.4

181.8

177.2

171.6

169.7

159,4

153.0
1_6._

140.3

135.1
136-1

138,6

147,0

154.8

162,1

168o9

175.2

181.2

192.N

202.6

212.2
221.2

229*8

237.9

2N6.6

253.0

260.1

267*0

273.7

200*3

286.6

292.8

298,8

304.7

316.2

327.2

337.8

348.0

35B.0

367.6
37?.0

399.5

420,7

440,9

460.1

478.6

_96,4

513.6
Y30-2

561.9
591.9

660.9

723,_

780.9

03_.R

80R.7

932.3

977.6

1021,0

1102.0

1128.0

12q9°0

1317.0

1NNZ,O

1558.0

L669.0

1766.0

1861.0

1952.0

2039.0

21_2.0

2202.0

2279.0

TWO-PHASE BOUNDARY

"" NUMBERS IN TdIS COLUHN HAVE 9EEM MULTIPLIEO OY THE INDICATED FACTDR



THERMOPHYSICAL PROPERTIES OF HELIUM

_.0 ATMOSPHERE ISOBAR

|EMPERATURE OENSTTY VIOHtOVI V(DP/DUI
p •

DEG.K G/CC JIG ATM-CC/J

=" X 1QO

• Z.138 15.36

2.5 15.25 69.0 9.68

3.0 14.99 50.8 1Z.6

3,S 14.62 43.Z 13.7

_,O 1_.10 38.5 14.0

_._ 13.W1 3;.3 13.5

5,0 12.42 79.8 12.2

5.1 12.16 Z8.9 11.9

5,2 11.87 28.0 11.6

5.3 11.59 28.8 11.5

5._ 11.28 25.7 11.3

5.5 10.9; 2_.6 11.0

5,6 10.55 23._ 1_.7

5.T 10.09 22.3 10.;

9.8 9,5_6 21.3 10.0

5.9 8.951 Z0.4 9.53

6.0 8.258 19.8 9.09

6.5 5,;98 21._ 7.94

7.0 _.266 24.8 7.66

7.5 3.590 Z8.; 7,52

8.0 3.1;6 31.9 7.43

8.5 2.823 35.3 7.35

9.0 2.573 38.6 7.29

9.5 2.3r2 _1.5 7.24

10.0 2.Z09 45.0 7,26

11.0 1.9;2 51.1 7.14

12,0 1.7;2 57,1 7.09

13.0 1.582 63,0 7.05

14.0 1.451 68.9 7.02

15,0 1.3;1 7;.6 6.99

16.0 1.248 80.3 6,95

17.0 1.157 86.0 6.92

18.0 1.097 91.6 6.90
19,0 1.036 97.1 6.88

20.0 0.9507 103.0 6.86

21.0 0.9316 105.0 6.84

22.0 0.887_ 114.0 6.53

23.0 0.847_ 119.0 5.81

24.0 0.8109 124.0 6.80

25.0 0.7776 130.0 6.79

26,0 0.7_69 135.0 6.78

28.0 0.6975 146.0 6,75

3_.0 0.6;56 157.0 6.75

32.0 0.6_48 167.0 6.73

34.0 0.5690 178.0 6.72

36.0 0.5372 188,0 6.71

]8.0 0.5_88 199.0 6.7Q

40.0 0.4_33 210.0 6.7U

45.0 0.4296 236.0 5.68

50.0 0.3867 262.0 6.67

55.0 0.3517 288.G 6.66

60.0 0.3725 314.0 5.65

65.0 0.2978 340.0 6.64

70.0 0.2766 366.0 5.64

75.0 0.2553 392.0 6.63

80.9 0.2;22 ;19.0 6.63

90.0 0.215_ ;Tt.O 6.62

100.0 0.1940 523.0 6.62

125.0 0.1553 65Z.0 6.61

150.0 0.1296 782.0 6.60

175.0 0.1lll 912.0 6.60

200.0 0.09727 1040.0 6.60

225.0 0.08649 1170.3 6.59

2_0.0 0.07786 1300,0 6.59

275.0 0.07080 1430.0 6.59

300.0 0.06491 15&0,0 6.59

350.0 0.05566 1820.0 6.59

400.0 0.0W871 2080,0 6.59

450.0 0.04331 23_0.0 6.50

530.0 0.03898 2600.0 6.58

600.0 0.03249 3120.0 6.58

700.0 0.02785 3640.0 6.58

0B0.0 0.02437 4160.0 6.58

900.0 0.02167 _600.: 5.58

1000.0 0.01950 5200.0 6.58

11_0.0 0.01773 5720.0 6.58
1200.0 0.01625 6230,0 6.58

1300.0 0.81500 6750.0 6.58

IW00.0 0.01393 7270.0 6.58

1500.0 0.01300 7190.0 6.58

/v
oV(DP/DV) T (DV/DT)p

ATM L/OEG.K

95.7 0.0267

82.8 0.0;27

67.4 0.0606

51.5 0,0842

35.8 _.119

21.1 0.185

18.5 0.205

16.3 0.226

1_.0 0.253

11.8 0.289

9.67 0.336

7,75 G.397

6.02 0,480

4,5_ 0.591

3.38 0,7Z7

2.63 Q.853

2.15 0.640

2.52 _.406

2.84 0.297

3.07 _.237

3.24 5.199

3.37 0.173

3.47 0.154

3.55 0.139

3.66 0.118

3.7; 0.163

3.80 0.0913

3.85 0.0824

3.89 0.0752

3.91 0.0692

3.9; 0.06_1

3.96 0.0595

3.97 0.0561

3.98 0.0525

3.99 0.0499

;,_; 0.0;73

;.01 0.0450
;.01 0.0;3J

;.02 0.0311

;.02 0.0394

W.03 0.6364
_.03 0.033_

4.03 0.0316

4.03 0.0296

4.04 C.0279

;.04 0.026;

4.0; 0.025_

4.0; O.OZ2Z

4.54 0.0199

4.0; 6.0181

; .03 0.0166

4.03 u._153
_.03 0.0142

4.03 0.0133

_.03 5.0124

4.03 0.0111

4.02 0.0100

_.02 0.00796

4.02 0._0664

4.01 0.0J569

4.01 5.G0_98

4._1 0.00_3

4.01 0.0039_

4.01 0.00363

;.01 0.&0333

;.01 0.00285

;.01 0.00250

;.00 0.o0722

;.GO C.O020G

;.0o 0.00166

4.00 0.0_1;3

;.&O 0.00125

4.00 0.00111

4.00 0.00100

;.0_ 0.50_909

4.00 0.000533

;.OO G.00u769

4.00 G._OG714

4.00 6.000666

THERMAL VISCOSITY THERMAL

CONDUCTIVITY D[FFUSIVITY

HW/CH-K G/CM-S SQ-CM/S

_ X lOGiCaL

DIELECTRIC

CCNSTANT

PRAN_TL

NUMBER

0.176 45.9 0.0_0626 1.057;5 0.481

0.192 W4.9 _.Q00691 i._56_6 0.507

_.2_4 42.7 G,00_528 1.05502 0.553

0,215 _0.0 C,00_469 1.05305 0.6£4

_.221 37._ 0,0_0402 1.05039 0.686

0,222 33,6 0,00_323 1.6_662 _.8_9

0,221 32.9 u.000366 1.3_564 0.885

0.22d 32.1 0.0_J293 1.3_455 _.922

3,22Q 31.; G.0_279 1.0_48 0.972

0,219 30,7 :.0_0262 1,_231 1.0_

0,219 30.0 0,000242 1,04099 1.13
0.218 29.2 _.CGo222 I,_]95_ 1.25

_.217 28.4 0.0_0201 1._]779 1.40

0.217 27.4 0.00_180 1.03579 1.59

0.216 26.5 _,00_163 I.G3347 1._1

0,215 25.5 0.00315_ 1,_30_5 2.00

).186 22.7 _.06_248 1,020_8 1.67

3,174 22.2 0.000406 1.01587 1.28

0.172 22.4 _.0_0571 1,_133_ 1.09

0.17_ 22.8 0.0_073_ 1,0116_ 0.988

J.178 23.3 0.090895 1._1_4_ 0.923

0.182 23,9 0.001_6 1._'D955 0.879

0,186 24.5 0.00122 1,0388_ 0.8_8

0.190 25.1 0.00138 1._818 _.824

0.20_ 26._ _.0_171 I._0721 0.794

0.209 27.6 0.00205 1._646 0,775

_.218 28.9 0.062;6 1.0_587 0.761

0,227 30.1 _.00276 1.0J538 0,752

0.236 31._ 0.00313 I._J4_7 0.7_5

0.2_4 32.5 0._0352 1._463 0.739

0.253 33.7 0,00393 1.£_;_3 0.734

_.261 34.8 _.00434 1.044_7 G.731

0.269 35.9 _.00477 1.0_38_ 0.728

0.276 37.0 0.00520 1.3J363 0.726

0.284 _8.1 0.00565 1.3_345 0.72_

3,292 39.2 _.00611 I._329 0.723

0.299 MO.Z 0.006_8 1.00314 0.721

0,3_6 41.3 0.00707 1.03300 0.720

0.31_ _2.3 _.007_6 1.0028_ 0.720

0,321 43.3 0.00806 1.Gj277 0.719

0.335 ;5.3 3.0_911 1._257 0.718

3.348 47.2 0.0102 L.6_23_ 0.717

0.362 49.0 0.0113 1._J224 G.716

0.375 50.9 Q,G125 1._0211 9.715

_.388 52.7 L.0137 1,_]199 0.715

0.4_0 5_.4 _.015_ I*G_188 0.714

0.413 56.1 _.0163 1.00179 0,713

0.443 60._ C,_197 1.0.159 0,711

0.473 6W.Z 5.0234 i._J143 0,709

0.532 68.0 3.0Z73 I._]I_ 0,7L7

0.530 71,? 0,0315 1._119 _,705

3.558 75.3 _.63_ 1._11_ 0.763

_.585 78,8 0.0_06 1.00102 _.?01

0.611 52,Z _.C455 i._3_96 0,699

3.638 85,5 _.0506 I.b_90 0.698

0,689 91.9 3.0615 1.00_8_ 0.694

_.739 98.2 0.07]3 1.0_072 0,691

0,859 111.0 G.166 1.0_58 0.673

_.972 125.0 _.14_ 1.060_ 0,670

1.08 139.0 G.187 1.030_1 0,66_

1.18 152.0 0.23_ I,G_636 G.667

1.28 16_._ 0.285 1.0_32 0.666

1.37 176,0 0,_4_ 1._29 0.666

1,46 188.0 0,39_ 1.33_25 0.66?

1.55 199.0 0.459 1.CJ_2_ 0.669

1,72 222.0 _.596 1.0_21 0.668

1,89 243.0 3.747 l._J1_ 0.668

2.05 254._ 3.912 1,_.016 5.6_8

2.21 284,_ 1._9 I,_$314 C.667

2.81 322.D 1,49 i._J_12 0,667

2.81 359,3 1.93 1.0_01_ 0.667

3.07 39_._ 2,_ 1.L_39 _,667

3.34 _29.0 2.97 1.0_ 0.666

3.6D _62,_ 3,55 I.Fj_O_ 0.666

3,85 494.G 4.18 I._]_7 G.666

M.I_ 525.0 _._S I._006 0.666

_.34 556._ 5.56 1.0_006 0.666

4,57 586.0 6.32 1.330_5 0.666

_.8_ 615.0 7.11 1._J05 0.666

TWO-PHASE BOJNDARY

_ NUMBERS IN T_IS COLUMN HAVE BEEN MULTIPLIED BY THE INDICATED FACTOR
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THERMOOYNARIC PROPERTIES OF HELIUM 4

4.5 ATMOSPHERE ISOBAR

TEMPERATURE VOLU_E XSOCHORE INTERNAL ENTHALFY

CC/G DERIVATIVE ENERGY

DEG. K _4 X .01 ATHIK JIG JIG

* 2.132 0.06W77

2.5 0,06521 650,0 _,5; 3,688 6,6fil

3-0 0-06629 576.0 3.54 4.569 7.592

3,5 0.06791 466.0 4.12 5,642 8.738

4,0 0.0702_ 391,0 4.40 5.945 10,15

4.5 0.07362 294-0 _.37 8.554 11,91

5.0 0.07587 198,0 _.09 10.62 14.22

5,1 0,08031 151,0 3,95 11,12 14.78

5-2 O.OBtBW 167-0 3,85 11,65 15,38
5,3 0,00J50 150.0 3,74 12.16 15.90

5.4 0.08543 134.0 3.62 12,71 16.61
5-5 0.08753 119-0 3.49 13.29 17.20

5,6 0.08996 104.0 _.35 13,92 18.02

5.7 0.09281 89.N 3.20 14.59 10.02

5.8 0,59620 76.1 3,04 19,33 19.71

5.9 0.1003 64.1 2,87 16.14 20,71

6,0 0,1053 53,8 2.60 17.04 21.84

8.5 0.1_73 39,5 1.77 22.44 29.15

7,0 0.1941 54,6 1,28 26.84 35. W9

7°5 0,235W 73.1 1,02 29.76 40,50

8,0 0.2721 91.5 0,866 32.35 _,76

&,5 0.3058 109,0 0.759 34,65 _8,59

9.0 0.3375 I26.0 0.581 36.77 52.16

9,9 0.3677 141.0 0,619 35,78 55,55

10,0 0.3958 156.0 0,570 40.71 58.51

11,0 0.452_ 185.0 9._95 44.37 65.00

12-0 0.5061 212.0 0,_40 47,90 70,R7

13,0 0,5504 238.0 0.397 51,35 76.81
1_,0 0.6098 263.0 0,36_ 54.75 82,65

15,0 0.6605 288,0 0-332 58-10 88.22

16,0 0.7105 312,0 0,308 61,48 93.85

17,0 0.7600 336.0 0.206 64.78 99,_3

18,0 0,0090 360,0 0.260 68.07 105.0

19.0 0.8576 383.0 0.252 71,35 110.5

20,0 0,9059 406.0 0,230 7W.61 115.9

21.0 0.9539 428.0 0.225 77,86 121,3

22,0 1,002 _51.0 0-214 81.09 126.8

23.0 1.049 473.0 0.20k 84.3! 132.2

24.0 1,097 _95.0 0.195 87.53 137.5

25.0 1.144 517.0 0.186 90.73 142.9

26.0 1.191 539.0 0.179 93,93 148.2

26,0 1.285 582.0 0.165 100,3 158.q

30,0 1,378 625,0 0,159 106.7 169,5

32.0 1.W71 668.0 0,1k3 113.0 180,1

34.0 1.56W 711.0 0,135 119.4 190,7

36.0 1.657 753.0 0.127 125.7 201,2

38,0 1,749 795.0 0,120 132,0 211,7

_0,0 1.841 037,0 0ollk 130,3 222,2

45,0 2,071 9k2.0 0.101 154.0 240.5

50,0 2,301 1050,0 0,0906 169,2 274.6

55.0 2,530 1150.0 0.0823 105._ 300,8

60.0 2,759 1250.0 0,0753 201.1 326.9

65,0 2.958 1360-0 0.0695 216-7 353-0

7C.0 3,217 1460.0 0.0645 232.4 _79.0

75.0 3._5 1560.0 0,06C1 240.0 405,1

00.0 3.673 1670.0 0,0564 263.6 _31.1

90.0 4,130 1570.0 0,0501 294.8 _83.1

100.0 k.586 2080.0 0.0W50 325.1 535.1

125.0 5.725 2590.0 0.0360 404.1 665.1

150,0 6,06_ 3100.0 0,0300 _82°0 795,0

175,0 B°003 3620,0 0.0257 560.0 924.9

200.0 9,142 4130.0 0°0225 637.9 1055.0

225,0 10.20 464C.0 0.0200 715.8 1185.0

250.0 11._2 5150.0 0.0100 793.7 131_.0

275,0 12-56 5660.0 0.0164 57t.7 lkkk. O

300,0 13,70 6180.0 0.0150 949.6 1574.0

350.0 15.97 7205.0 0,0129 1105,0 1034.0

400.0 18.25 8230,0 0.0112 1261.0 2093.0

450,0 20.53 9250.0 0.0100 1417,0 2353.0

500.0 22.81 10300.0 0.00900 1573.0 2613.0

800.0 27,36 12300.0 0,00750 1554.0 3132*0

700.0 31.92 14_00.0 0.00643 2196.0 3651,0

800.0 36.47 16_00,0 _.00562 2908.0 4171°0

900.0 41,03 18500*0 0.00500 2819.0 _690._

1000,0 k5.50 20500.0 0°00_50 3131.0 9209.0

1100-0 50.14 22600,0 0.00_09 3442.0 5728.0

1200.0 54,69 2_600.0 0.00_75 3754.0 6248.0

1300,0 59._5 26700.0 0,0_346 4066.0 6767.0

1400,0 63.30 28700.0 0,00_21 _377,0 7206.0

1500°0 68,36 30500,0 0.00300 4659,0 7806,0

ISOTHERH

DERIVATIVE

CC-ATM/G

ENTROPY

J/G-K

1.838

2.186

2.q22

3.336

3,817

3.925

4,040

_,153

4.271

_,395

4,520

4,670

_,025

4.996

_,186

6,355

7.296

7.906

8,538

9.003

9,411

9.778

10.11

10.70

11,2_

11.69

12,12

12.51

12.87

13.21

13-53
17,82

14.10

14.37

14.62

14,86

19.09

15,52

15.91

16.28

16.62

16.94

17.24

17.93

17.80

18.42
18.97

19._6

19.92

Z0.34

20.72

21.08

21.42

22.03

22.58

23.74

Z_,69

25.49

26.18

2E.79

27.34

27.83

28.29

29,09

2_.78

30.39

30.94

31,89
32.69

33.38

33.99

3_°54
35,03

35,_9

3_,90

36.29

36.6_

• TWO-PHASE EOUHDARY

_* NUMBERS IN THIS COLUMN HAVE BEEN MULTIPLIED BY THE INOIC_TEO FACTOR

BO

CV

1.709

1.856

Z,037

2.102

2.3h9

2,556

2-500

2.625

2.612

2,627

2.6_?

2,670

2,698

2.732

2°772

2.519

3.078

3.120

3.116

3,109

3.105

3.103

3,102

3.103

3.105

3.109

3,113

3,117

3.120

3,122

3,124

3.125
3.126

3.127

3.127

3.1_7

3.127

3°127

3,127

3,127

3°127

3.127

3.126

3.126

3.125

3.125
3.12_

3.124

3,123

3,122

3.122

3°121

3.121

3o120

3,120

3.120

3,119

3.115

3.118

3.118

3.117

3.117

3.117

3.117

3,117

3.117

3.117

3.117

3.117

3,116

3.116

3.116

3.116

3,116
3*116

3.116

3.116

3.116

3.116

J/GIK

CP

1.016

2.147

2.606

3.17_

3.956

5,161

5._76

5.760

6.093

6.516

7.029

7.6_3

0._03

9-3_1

10._9

11.83

14._2

11.10

9.121

8.029

7.365

6.935

6.636

6°417

6.134

5,955

5.829

5.737

5.665

5,602

5.552

5-510

5.476
5.447

9°422

5,401

9.383

5.367

9.352

5,340

5.319

5.302

5.250
5.277

5. 267

5.259
5,253

5.239

5.230

5,223

5.218

5.214

5,210

5.206

5.206

9.203

5°200

5,197

5.196

5-195

9,19_

5.194

5.194

5,193

5,193

5.193

5-193

5o193

5.193

5,193

5.193

5.193
5.193

5.193

5.193

5,193

5,193

5.193

9.193

VELOCITY

OF SOUNC

HIS

26;-5

259.7

251.C

239.0

223.9

201.4

196-5

192.5

188.5

183.7

175,7

173.4

168.0

162.k

156.0

151.3

137.0

140-3

147.3

154°7

181.9

160.6

175.0

161.0

192-3

202.7

212._

221o5

230.2

238.3

246.0

253.5
260.6

267.6

27W,3

200.8

207.2

293.k

299.4

309.3

316,6

327.8

338.4
348.6

350,6

368.2

377,6

NO0.1

k21.3

_41.4

_60.7

479.2

k96.9

51_.1

530.6

562.3

592.3

661,3

723.8

701,2

B3k.?

805,0

932.6

977,0

1021.0

1103.0

1178.0

1250.0

1317,0

1442°0

1558.0

1665-0

1755.0

1861.0

1952.0

2039.0

212Z,0

2202,0

2279.0



THERJ_OPMYSICAL PROPERTIES OF HELIUM W

4°5 ATMOSPHERE ISOBAR

TEMPERATURE DENSITY

DEG. K G/CC

+_ X 100

" 2.132 15,46

2,5 15.33

3.0 15.09

3,5 14,73

4.0 14,2;

4.9 13.58

5.0 1Z,68

5.1 12.;5

5.2 12.20

5.3 11.96

5.4 11.?1

5.5 11.42

5.6 11.12

5.T lO.Tr

5.8 10.39

5.9 9.97

6,0 9.492

6.5 6,788

?.D 5.151

_.5 4.2;9

8.0 3.675

8.5 3.270

9.0 2.963

9.5 2.720

10.0 2.520

11.0 2.210

12.6 1,976

13.0 1.791

14.0 1,6_0

15*0 1,514

16.0 1,;07

17.0 1,316

18.0 1.236

19,0 1.166

20.0 1.104

2 1.0 1 .n_s

22.0 0,998

23.0 0.9531

24.0 0.9120

25.0 0.8?43

26,0 0.8398

28.0 0,7784

30.0 0,7257

32.0 0,6798

34.0 0.6394

36.0 0.6037

3B.O 0.5718

_0.0 0,5;31

;5.0 0,4827

50.0 0.4346

55.0 0.3952

60.0 0.36Z4

65,0 0.3347

TO.O 0.3109

75,0 0.2903

80.0 0.2T22

90,0 0,2422

100.0 0.2181

125.0 0.1747

150.0 0.1457

175.0 0.1249

ZOQ.O 0.1094

225,0 0.09727

256,0 0,08757

275.0 0.07963

300.0 0.0r301

350.0 0.06260

_00,0 0.05W79

450.0 0.0;871

500.0 0.0;385

600.0 0,33695

700.0 0.03133

800.0 0,02T42

%0.0 0.0?;38

1000.0 0,02194

1100.0 0.01995
1200,0 0.01828

1300.0 0,01688

1_00,0 0,01567

1500.0 0.01;63

V(OMIDV) V(DPIDU) -V(DPIDV) (DVIDT)/V
p v T p

JIG ATH'CC/J ATM IlDEG. K

71,4 9.68 100,0 0.025;

52.7 12.6 86.9 0.0408

;5.3 13.7 71,9 0.0576

k0.1 1;.2 55.6 0.0791
36.1 13,7 39,9 0,110

32.1 1?.5 25,1 G,161

31,2 12.2 22.5 0,175

30._ 12.0 20.3 0,189

29,k 12.0 18,0 O.20B

28.3 11,8 15.7 C.230

27.3 11,5 13.6 0.257

26.3 11,3 11.5 0.291

25.3 11.0 9.6; 0.332

2;.3 10.7 7.91 _,384

23,; 10,4 6,39 0.449
22.5 10,0 9.11 0.525

21.9 8.48 2.68 0.666
24.5 7.94 2,81 0,_5_

27.0 7.71 3.11 0.329

31.2 7,58 3.36 0.257

34.6 7.k8 3.56 0.213

3_.9 7.4G 3.72 0.183

41.2 7,3; 3.84 0,161

4;.; 7.29 3.94 0,145

50.6 ?.22 4,&8 0.121

56.6 7,18 4.18 0,105

62.6 7.11 ;.26 U,0931

68,5 ?o07 ;.32 0.0836

?4.3 7,04 _.36 0,0762

80.t 7.00 ;.;0 _.070_
85,? 6,97 4.42 0.06_7

91,4 6.94 ;.45 0.0603

97,0 6.91 4.46 0,0565

103.0 6.89 4,48 0.0531

108.0 6.87 _.49 0.&502

11_.0 6.86 ;,50 0.0476

119.0 6,8; _.51 0.0452

124.0 6.83 _.52 0,0;31

130.0 6.81 4.52 O.O_L2

135.0 6.80 ;.53 ;,0395

1_6.0 6.?8 _,53 0.0364

152.0 6.77 ;.54 G.0338

162.0 6.75 4.54 0,0316

128,0 6,74 _,54 0,0296

189.0 6.73 ;,55 0.0279

199.0 6,72 W.55 0,026_

210,0 6,71 4.55 0,0256

236,0 6.69 ;.55 0,0222

262.0 6.68 ;.55 6.0199

288.0 6.67 4.54 0.0181

319,0 6.66 4.5_ 0._166

3_1.G 6,65 4.54 C,G153

362.0 6,65 4.5_ Q.OL4Z

393.0 6.64 _.54 0.0133

419.0 6.64 _.5_ Go_124

;71,C 6.63 4.53 C.0110

523.0 6.62 4.53 0.C099_

653,0 6.61 4,52 0.00796
?83.6 6.61 W.52 0,00664

913.0 6,60 ;.52 C.00569
EO_O,O 6,60 _.52 0.00498

1170.0 6.59 4.51 0,C0443

1300.0 6.59 ;.51 0.0G399

1_30.0 6.59 ;.51 0.00363

1560.0 6,59 4.51 G.0_330

1820.0 6.59 4.51 0.06286

2080.0 6.59 4.51 _.00250

23_0.0 6.59 4,51 0.U022_

2600,0 6.58 4.51 C.OO_Ou

3120.0 6.58 _.56 0.00166

3640,& 6,58 _.50 0.001;3

4160.0 6.58 4.50 0.00125

4680._ 6.58 _,5_ C,&Cl11

5200.0 6.58 4.50 0.G0100

5720.0 6.58 _,50 b.006909

6230.6 6.58 ;,50 0.000833

6750,0 6,58 _.50 0,0C0769

7270.0 6,58 ;.5_ Q.00071_

?790.0 6.58 ;.50 0,000666

THERMAL VISCOSITY THERMAL DIELECTRIC

CONDUCTIVITY OlFFUSIVITY CONSTANT

MW/CM-K G/CM-S SQ-CM/S

_+ X 1000000

PRANDTL
NUMBER

0.177 46.9 0.0;_636 1,05776 0.46%

0,19N 49,9 Q,000EBB 1.05681 0.5L9

0.206 43.? 0.000537 1,05543 0,552

0,217 40.9 0,000486 1.05356 0.599

0.22; 38.0 0,000;1_ 1,05106 0,670

0.226 34.7 _.000346 1,_761 0.793

0,226 3_.0 0.000331 1,04675 0,826

0,225 33.3 G.000319 1,0458_ 0.856

0.225 32.7 0,000308 1,0_489 0.887

0.224 32.1 0.00G29; 1.04591 0.932

0.224 31.4 6.000279 1.0_284 0.987

0,223 30,8 0,000263 1.0_167 1.05

0.222 30.1 0.000245 1.04037 1,14

0.22I 29.4 0.00022B 1,_3893 1,24
0.220 28.6 0.000211 1.03732 1.36

0.219 27.8 0.000195 1.03552 1.50

0.20_ 24.5 0.000206 1.02532 1.75

0.185 23,4 0,000024 1.01918 1.40

0.180 23.3 0,000465 1.01580 1.18

0,160 23,5 0.000611 1.01366 1.05

0.182 23,9 0.060757 1.01215 0.967

0.186 2_,4 0.000903 1.01101 0.913

0,189 25.0 0,001_5 1.01_10 0.875

0.194 25,6 O,QGILO 1.00935 0.8_?

0,202 26.7 0,00149 1.00820 0,810

_,211 28,0 0,00180 1,00733 0.787

0.220 29.2 0.00211 1.&0664 0.771

0.229 30._ 0,0024; 1.00608 0.760

d,238 31,6 0,00277 1,0J561 0.752

0,2_6 32.7 0.00312 1,00522 0*749

0,254 33.9 0.00348 l. O0_BB 0.739

0.262 35.0 0.00385 1.0_;58 0.735

0.270 36.1 0.00423 1,00432 0.732

0.278 37,2 0.66462 1.0J409 0,729

0.286 38,5 0.00503 1.00389 0,727

0.293 39.4 0.005;4 1.0_3?0 0.725

0.301 40.4 0,00586 1.0_353 0.72_

0,308 41._ 0.00629 1.&0338 0.723

0.315 4_,5 0,00673 1.00324 0.722

0.322 ;3,5 0.00718 1.00311 0,721

0.336 _5._ _._0811 1.00288 0.719

0,349 47.3 0.06908 _.00269 0.718

0,363 _9.2 6.0161 1.0_252 0.71?

0,376 51.0 0,0111 1.00232 0.716

0,389 52.8 C.0122 1.6022; D.715

0.401 5;.5 0.0133 1.00212 0.714

0,414 56.2 0,0145 1,03201 0.71_

0._44 60.3 G.0176 1.0_179 0,712

0.474 64,3 0.0208 1.00161 0,710

0.503 68.1 0.0243 1,00146 0,708

0.531 ?1.8 0,0281 1,03134 0,706

0.558 75.3 0,0320 1,a0124 0.704

0.586 78.8 d.0361 1.00115 0.701

0.612 82.2 0,0405 1.0_107 0,7_0

_.638 8S,S 0,0_50 1.01101 0.698

0.690 92.0 0,0547 1.00090 0.694

_,740 98.2 0.0652 1,00081 0,69I

0,859 111._ 0.09;6 1.00065 0.673

0,972 125.0 0.128 1.00054 0.670

1,08 139,0 0.166 1.000;6 0.668

1.18 152.0 0.LEB 1._0040 0.666
1,28 I6;.6 0,253 1.00036 0.666

1.37 126,0 0,302 1,0_032 0.666

1.;6 180.0 0,354 1,00029 0.667

1.55 199.0 6.4_9 1.0a027 0.669

1.72 222.0 0,530 1.00023 0,668

1,89 243.0 0.66_ 1.06_20 O.6EB

2.05 26_,0 0,811 1,0_018 0,668

2.21 28_,0 0.970 1,0_016 0,667

2.51 322.0 1.32 1.00014 0,667

Z,88 359.0 1,72 1.0_012 0,667

3.07 394,G 2,16 1.0_10 Q,667

3.3_ 429.0 ?.64 1.00009 0.666

3,6[ 462.0 3.16 1,00008 0.666

3.85 494.0 3.72 1.00007 0.666
N,IO 525.0 4.31 1,0000? 0.666

_,34 556.0 ;.95 1.00006 0,666

4.57 586.0 5.62 1,03006 0.666

W.86 615.0 6.32 1.0_005 0.666

TWO'PHASE BOUNOARY

++ NUMBERS IN T_IS COLUMN HAVE BEEN HULTIPLIEO BY THE INDICATED FACTOR

81



5.0ATMOSPHEREISOBAR
THERMODYNAMIC PROPERTIES OF MELIUM W

TEMPERATURE VOLUME ISOTHERM ISDCHDRE

CC/G DERIVATIVE DERIVATIVE

DEG. K _ X .01 CC-ATM/G ATM/K

• 2.126 0o06_6

Z.5 O.06_BB 672.0 2,52

3.0 0.05590 599,0 _.6_

3.5 0,0624_ 510.0 q.lB

k.O 0.0696_ _15.0 _.46

_.5 0,02277 320.0 _._6
5.0 0,077_B 226*0 ;.18

5.1 0.07873 209.0 _.09

5.2 O.OBOtZ 196.0 qoOO

5.3 0.08151 119.0 3.90

6.4 0,0830_ 163o0 3.00

5.5 0.0647_ 1M7.0 3.69

5.6 0-05664 132.0 3.57

5.T 0.08880 118,0 3.44

5.8 0.09128 10_.0 3.31

5.9 0,09413 91._ 3.16

6.0 D.09747 79.6 3.01

6.5 0.1250 46.8 2.17

7.0 0.16_6 5_.1 1.56

7.5 0.2020 69.8 1.22

8.0 0.2361 87.2 1.02

8,5 0.267_ 10N-0 0.88_

q.O 0.2968 121.0 0.786

9.5 0.3248 137.0 0.711

10.0 0,3516 152.0 0.651

11.0 0.4027 161.0 0.562

12.0 0.4517 209.0 0,497

13.0 0,_9_5 235.0 O.qN7

14.0 0o5_63 261.0 0oq07

15.0 0.592k 286.0 0.373

16,0 0.6378 311,0 0.3_5

17.0 0.6827 335.0 0.021

18.0 0.7271 359.0 0.300
19,0 0.7712 362.0 0.282

20.0 0.81_9 MOB.0 0.266

21-0 0.8583 _28.0 0.252

22,0 0,9015 _51.0 0.239

23.0 0.9k_5 _73.0 0.228

2_.0 0.9873 _96.0 0.217

25.0 1.030 518.0 0.208

26.0 1.072 5N0.0 0,1B9

28.0 1.157 583.0 0.18_

30-0 1.241 627-0 0.171

32.0 1.325 670.0 0.!60

34.0 1.409 712.0 0.150

36.0 1.M93 755.0 0.1_1

36.0 1.576 797.0 0.13_

40.0 1.659 839,0 0.127

_5.0 1.866 g4k. O 0.112

50.0 2.073 1050-0 0.101

55.0 2.280 1150.0 0.0915

60.0 2._06 1260.0 0.0837

65.0 2.592 1360.0 0.0772

70.0 2.6_0 1_60.0 0.0717

75.0 3.103 1570.0 0.06F6

60.0 3.309 1670.0 0.06_6

90.0 3.220 1870.0 0,0556

100.0 _.130 2080.0 0,0601

125.0 5.156 2590.0 0.0400

150.0 6.101 3110.0 0.0333

175.0 7.205 3620.0 0.0286

200.0 8.231 _130,0 0.0250

225.0 9.256 _640.0 0.0222

250.0 10.28 5160.0 0.0200

275.0 11.31 5670.0 0.0102

300.0 12.33 6180.0 0.01_7

350.0 14.38 7200.0 0.01_3

400,0 16.43 8230,0 0.0125

_50.0 18,_8 9250.0 0.0111

500.0 20.53 10300.0 0.0100

600-0 24.63 12300,0 0.00833
700.0 28,73 1_00,0 0.0071_

BO0.O 32.83 16_00.0 0.00625

qO0.O 36.93 18500.0 0.00_55

1000.0 _1.02 20500.0 0.00500

1100.0 45.12 22600.0 0.00454

1200.0 49.22 2_600.0 0.00417

130_.0 53.32 26700,0 0,00385

1_00.0 57._2 28700.0 0.00357

1500.0 61.52 30800.0 0,00333

INTERNAL ENTHALRY

ENERGY

JIG JIB

3.673 6.960

_.537 7.876

5.589 9.005

6.861 10.39

8._71 12.Ii

10,40 1_,32

10,B6 1_o85

11.36 15._2

11,8_ 15,97

12.3k 16.55

12,86 17.16

13._2 17,81

14.01 18,51

1_.64 19.26

15.31 20.08

16.0_ 20.98

20,57 26._1

25.10 33._

2B.5_ 38.77

31,3_ 43.30

33.?R 47.3_
36.02 51.05

38.11 54.56
_0.I0 57,91

_3,B3 64,23

_7._2 70,31

50.91 76,22

54. 35 B2-02

57.73 BT.?_

61.11 R3.h2

64,_6 99,0_

67,77 10_,6

71,07 110.1

7_,35 115.E
77.61 121.1

00.05 126.5

84.0B 131.B

87.31 137.3

90.53 142,7

93.7_ 1_0,I

100.1 158°8

106,5 _69.h

112,B 100.0

119,2 190.6

125.5 201.2

131.9 211.?

138,2 222.2

153.9 2_B,5

169-6 27_-7

185,3 _00.0

201.0 326._

216.7 353.0

232.3 379.1

2_7.9 _05,2

263-6 _31.2

2B_.8 463,2

326,0 535,3

40_.0 665.3

482.0 795.2

560.0 925.0

637,9 1055,0

715.8 1185-0

793,8 1315.0

071.7 I_4.0

9_9,6 1574.0

1105-0 103_,0

1261,0 2094,0

1417.0 2353,0

1573,0 2613.0

188_,0 _132.0
2196,0 3651.0

2500,0 _171.0

281B.0 _690-0

3131.0 5209.0

3M_2,0 5729.0

3754.0 62_8,0

4066.0 6767.0

4377.0 7286.0

_609.0 7806.0

ENTROPY

JIG-K

1.826

2.169

2.522

2.89_

3.298

3.759

3.861
3.966

_.073

4.101
_.293

h.411

;.534

_.666

N.B06

_.957

_,905

6.87q

7,610

8.196

8.&85
9.110

9.489
B.B3_

10._h

10.97

11.87

12.27

12.63

12.97

13.29

13.59

13,&7

1_,39

1W.63

1_.06

15,08

15.29

15.69

16,06

16._0

16.72

17.02

17.31

17.58

10.19

tB.7B

19.24

19.70

20.12

20.50

20.06

21.20

21.81

22.36

23.52

2h.h7

25,27

25.96

26.57

27.IZ

27.62

28.07

20.07

29.56

30.17

30.72

31.67
3?._7

33.16

33,77

3k.32

]_.82

35.27

35.68

3E.07

3E.43

C_

1.690

1.8_8

2.028

2,172

2.336

2.537

2.579

2.602

2.586

2.590

2.613

2.631

2.653

2.678

2.707

2.7_1

2.960

3.008

3.10_

3.103

3.101

3.100

3.100

3-101

3.103

3.107

3.112

3.116

3.120

3.123

3.125

3.126

3.127

3.128

3.128

3.128

3.128

3.129

3.128

3.128
3.128

3.128
3.127

3.127

3-126

3.126

3.125

3,12k

3.124

3.123

3.122

3.122

3.121

3.121
3.121

3.120

3.120

3.119

3,118

3.110

3.116

3,117

3.117

3.117

3.117
3.117

3,117

3.117

3.117

3.117

3.116

3.116

3.116

3.116

3.116

3.116

3.116

3.116

3.116

J/G-K

CP

1.790

2.125

2.573

3.111

3.637

W.888

5o146

5.381

5.623

5.937

6.301

6.725

7,223

7.009

8.501

9.309

13.36

11.72

9.736

B._B8

7.709

7.197

6.8_2

6-585

6.294

6.046

9.90k
5.799

5.719

5°648

5.592

5.5_6

5,507

5._75

5.k_7

5.62_

5._03
5.306

5.370

5.356

5.333

5.31_

5.299

5.286

5.276

5.267

5.259

5.2NN

5.234

5.226

5.220

5.216

5,212

5.209

5.207

5.204

5,201

5.190

5.196

5.199

5.19_

5.19_

5.19_

5.193

5.193

5.193

5.193

5,193

5.193

5.193
5,193

5.193

5.193

5.193

5.193

5.193

5.193

5.193

5.193

VELOCITY

OF SOUNC

HIS

268.6

266.1

255.9

2_5,5

230.7

209.9
205.5

202,0

198.5

19W.2
189.8

185.1

180._

175.5

170._

165.5

1_6.2

104,2

148.5

155.4

162.2

168.7

175.0

181-0

192.4

202.9

212.7

221.q

230.6

238.7

246.5

25_.0

261,2

268.1

27_.9

281._

207.8

29_.0

300,0

305.9

317.4

328._

339.0
3_9.3

359,2

368.8

378.2

_00.7

421.9

hk2.O

_61-2

_79.7

497.k

514.6
531.1

562.8

592.8

661.7

72k,I

781.5

835.0

585.3

932.8

978.1

1021.0

1103.0

1179.0

1250.0

1317.0

1443.0

1558.0

1665.0

1766-0

1861,0

1952.0

2039.0

2122.0

2202.0

2279.0

• TWO-PHASE BOUNDARY

_ NUMBERS IN THIS COLUMN NAVE BEEN MULTIPLIED BY THE INDICATED FACTOR
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TMEEMOPHYSICALPROPERTIESOFHELIUM W

5,0 AIHOSPHERE ISOBAR

TEHPERATURE DENSITY V(OHIOV)p V(OPIOU) v -V(DP/OV) T (OVIDTI/V THERMAL VISCOSITY THERMAL
P CONDUCTIVITY DIFFUSIVITY

DEG,K GICC JIG ATM-CCIJ AIM IlOEG,K MWICM-K GICM-S SQ-CH/S

_ X 100 _o X 10000Q0

Z,1Z6 15.5[

2,5 15.41 Z3.T 9,67 10_.0 0.0243 0,178 48,0 0.000646

3.0 15.17 56,5 12,6 90,9 0,039_ 0,195 46.9 0.0006G6

3,5 1N,8] 66.8 13,8 75,6 0,05_9 J,Z08 44.6 0,000545

4.0 16,36 41.7 16.3 59,7 O.07NT 0,219 41.5 0,0_J450

4.5 13.7N 37.8 13.9 44.0 0,101 0.22? 38.9 0,000431

5.0 12,91 3k.1 12.8 29.1 0.1_3 0,230 35.8 0,000365

5.1 12,70 33,_ 12.5 26,5 0,156 0.230 3S.1 Q,000352

5.2 12.40 32.7 12.3 _,3 0.165 0.2_9 34.4 0,000342

5.3 12.2T 31.5 12.3 21.9 0.178 0.229 33.9 0.000332

5.W 12.04 30.7 12,1 19.6 0.194 0.228 33.3 0.000319

5.5 11,50 29.? 12.0 17.4 J,Z12 0._25 32.7 G.00_3_7

B.6 11.54 28.8 11.7 15.3 0,233 0.220 32.1 0.000294

S,7 11.2_ 27.9 11,5 13,3 0.259 0,227 31,5 0*000280

5,8 10.96 27,0 11.3 11,6 0.285 0.227 30.8 0.000265

5.g 10.6_ 26.1 11.0 9,71 O,3Zb ].Z26 30.2 0.000250

6.0 10.26 25.3 _O,T 8,17 Q,368 0,224 29,5 0.000235

6,5 ?.5_9 23.0 9.18 3.74 0.581 _.21_ 26,3 0.000200

?.0 6.077 24.7 8.31 3.29 0.4?4 0.197 24.6 0.000276

7.5 6.951 ZTo5 T,�B 3,46 0.354 _.189 24.Z 0.000391

6,0 4,236 30.T 7,75 3,69 0.276 0.187 24.3 C.000519

0,5 3.739 34,1 7,62 3.90 0.226 0.107 2_.6 0,0006S0

9,0 3.369 37,4 7,52 4.08 0.193 0,190 25.0 0.000784

9.5 3,07_ 40,6 7,46 4.22 0.168 0.193 25,5 0.000518
10,0 2.844 43.8 7.38 4.33 0,150 D,107 26.0 0,C0105

11.0 2.454 50,1 7.30 _.50 _.125 0.205 27.1 0.00132

12,0 Z.ZI6 56.2 T.23 4.62 6.108 _.21_ 28,3 0.0616_
I3.0 2.002 62.2 ?.18 4,71 0.0949 0,223 2q.5 0.00180

14,0 1.830 68.1 7.13 _.70 0.0851 0,231 30.? G.00218

15.0 1.688 F4,0 7.09 4.83 0,0773 0.240 31.8 0.00248

16,0 1.$68 79.8 7.00 6.88 0,0708 _.248 33,0 0.00280

17.Q 1.4_5 05.5 7.01 4,91 _,065_ 3,256 34.1 0,0Q313

18.0 1.375 91,2 6.98 4.94 0.06_8 J.264 30.2 0,003_6

19.0 1.257 96,8 6.95 4.96 0.0569 O,ZI2 36.3 0,00381

20,0 1.227 102.0 6.93 4.97 0._$35 0,280 37.6 0.00N16

21.0 1.165 100.0 6.91 4.09 0,0005 0.28_ 38.5 _,0_N53

22.0 1.109 113.0 6,89 5,00 0.0478 0,_95 39,6 G,00N90

23.0 1.055 119.0 6.87 5.01 0,065N 0.302 40.6 0.00528

26,0 1,013 124.0 6.85 5,02 0.0433 0.309 41,6 0.00567

25,0 0.9_10 130.0 6.84 5.03 0.0413 _.316 N2.6 0.006_?

26,0 0.9325 135,0 6,83 5,03 0.03_6 0,323 43.6 _.00647

28.0 0.8542 14_.0 6._1 5,04 0.5365 0.337 N5.6 0.00731

30.0 0.8356 157.0 6,79 5.0S 0._339 0.301 N7,5 0.00_19
32,0 0.7545 16_.0 6.77 S,G5 0.0316 J.364 49.3 0.0051_

34,0 0,T057 178,0 6.76 5.05 0,0207 0.377 51.1 0.010_

36,0 0.6700 189,0 6,?S 5.06 0.0279 0.300 5_.9 0.0110

38.0 0,6346 199.0 6.73 S,06 0,0264 0.4b2 54.6 0.012C

40.0 0.602? 210.0 6.?Z 5,06 0.0250 0._15 56,3 0.0131

_5.0 0.5558 236.0 6.?1 5.06 C.0222 0,44S 60,4 0.0158

50.0 0._023 263,0 6.69 5.06 G,0199 0.N75 64.N 0.0168

55,0 0._386 209.0 6.68 5.05 @,0181 0.5_3 68.2 0.022[
60.0 0.4023 315.0 6,67 5.05 0.0166 0.532 71.9 0.0253

65.0 0.3715 3_1.0 6,66 S,Q5 0.0153 0.559 75.4 0.0269
TO.O 0.3401 36?,0 6,65 5.05 0,_1_2 0,586 76.9 0,032E

?5.0 0,32ZZ 393.0 6.65 5.05 0.0132 0.613 82,3 G.0365

80.0 0.3022 419.D 6.66 5.04 0.012_ 0.639 80,6 0,0406

90.0 0.2689 4?1,0 6.63 5.04 0,0110 0.600 92.1 0.0493

1_0.0 0.2_21 $23,0 6.63 5.04 0,00996 0,740 98.3 0.0588

125.0 0.1_40 653,0 6.62 5.03 0.00796 0.860 111.0 0.0853

150.0 0.1518 783.0 6,61 5.03 0.00663 0.973 125.0 0.116

1?5.0 0,1388 913.0 6.60 5.02 0.00S69 1,08 139.0 _.150

200.0 @,1210 1060.0 6,&O 5.02 0.06495 1.10 152._ 0.181

225,0 0.1000 1170.3 6.60 5.02 0.00643 1,28 164.0 0.220

250,0 0,09727 1300.0 6.$9 5.01 0.00399 1.37 176,0 0,272

275.0 0.08865 1630.0 6.59 5.01 0.00363 1.46 108.0 0,31_

3_0.0 0.08110 1560.0 6.59 5,01 0.00332 1.55 199,Q _,368

350.0 0.06954 1020.0 6.59 5.01 0,00205 1.72 222.0 0,477

400.0 0.06087 Z_80,0 6.09 5.01 0.00249 1,89 243.0 0.$98

450,0 0.05412 2360.0 6,$9 5.01 0._222 2.05 264.Q 0,730

BGQ.O 0.04871 2600.0 6,50 5.01 0,00200 2.21 28_,0 0.8?3

600,0 0,04061 3120,0 6.08 5.01 0,00166 2,51 32_,0 1.19

700,0 0.03481 3640._ B.SB 5,_0 0,U0143 Z.80 359,0 1.55

_00.0 0.03066 6160.0 6.50 5._b 0.0012S 3,07 394,0 1.94

900.0 0.0_?08 4600.0 6.58 5.00 0._0111 3.34 429.0 Z.37

10_0.0 0.02438 5200.0 6.58 B,00 C._0100 3.60 662.0 2.e_

1100.0 0,02216 5720.0 6.58 5,00 C,QO090_ 3.85 69_.0 3,35

12_0.0 0.02032 6240,0 6.58 5,Gb 0._00833 4,Iu 525.0 3.00

1300.0 0.01875 6700.0 6.58 5.00 0.000769 4.34 556.0 4.45

1400.0 0.01761 7270,0 6,58 5,00 Q.000714 4.57 5_6,0 5,05

1500.0 0.01625 7790.0 6.50 5.05 0.000666 _.80 615,Q 5.69

DIELECTRIC
CONSTANT

1.05806

1.0571S

1.05582

1.05403

1.05166

1.04840

1,0N770

1.04686

1,04605

1,04519

1.04427
1.0_329

1.0_222

1.04106

1.03_80

1,03862

1.02988

1.0_265

1.01843

1.01576

1,01390

1.01252

1.011N4

1.01056

1.0092_

%.00822

1.00743

1.00679

1,00626

1.00581

1,035W3

1,00510

1.0QNB1

1.004S5

1,00432

1,00411

1.0J392

1,0_375

1.00360

1,Q]346

1.0_320

1,0_295

1._0260

1.0J263

1,00248

1.03235

1.0_223

1.0019_

1.03179

1,0_162

1.03149

1.00138

1.0_128

1.00119
1.00112

1.0_10_
1,00090

1.00072

1.00060

1,_051

1.00045

1,00040

1.0_036

1.00033

1,0U030

1.00026

1.0_023

1.00020

1.00018

1,00015

1.0J013

1.0_011

1,00_10

1.00)_9

1.00008

1,00000

1.0J007

1.00006
1.00006

PRANDTL

NUMBER

0.482

0.511

0.052

0.594

0.6ST

0.759

0,766

0.807

0.831

0.865

0.901

0.946

1.00

1,06

1.14

1.23

1,64

1.47

1.2S

1,I0

1.01
O,947

0.902

0.869

0.827

0.800

0,782

0.769

0,759

0.751

0.765

0.740

0.736
0.733

0.730

0,728
0.726

0.725

0,724

0.723

0,721

0.719

0.718

0.717

0.716

0.715

0.714

0.712

0.710
0,708

0.706

0.?0_

0,702

0.700

0.698

0,694

0.691

0.573

0.670

0,668

0.666

0,666

0.666

0.667

0.668

0.660

0.668

0.668

0,667

0,667

0.66?

0.66?

0.666

0,666

0.666

0,666

0,666

0.6E6

0.666

" TWO-_MASE 80_NDARY

_" NU_ERS IN T_IS COLUMN HAVE BEEN MULTIPLIEC BY THE INOICATEC FACTOR
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THERMODYNAHIC PROPERTIES OF HELIUM W

5.5 ATMOSPHERE ISOgAR

TEMPERATURE VOLU_E

CC/3

OEG. K "= X .01

• ?.121 0.06616

?.5 0,06656 696,0

3.0 0,06553 622.0

0,5 0,05200 533,0

6,0 0.06900 H60,0

6.5 0.07200 365,0

5,0 0,07620 Z52.0

5.1 0.01739 ?36.0

5.2 0.07161 222.0

5,3 0,07982 206,0

5,6 O.08LLZ 190.0

5,5 0.08256 175,0

5,6 O.08WIW 160.0

5,1 0.0d589 165.0

5.8 0.00?85 131-0

5.9 0,09305 118.0

6,0 0,09256 106.0

E.5 0,1116 61,6

l.O 0.163Z 57,i

7.5 0.I?_3 69,3

8o0 0,2_70 0M.5

8.5 0.23_6 t01.0

9,0 _,7660 118.0

9.5 0.79_0 136.0

10.0 0.31_9 1_9,0

11,0 0.36Z1 170.0

t?.O O,_J?_ ?06*0

13.0 0,_516 233.0

t_.0 0,696_ 259,0

15.0 0.536? ?85.0

IE.O 0.57_W 310.0

17,0 0.6195 33R,0

10.0 0.6602 358,0

19,0 0.7005 382.0

?C.O 0.760_ 605,0

21,0 0.7801 _20,0

??.0 0.5196 651.0

?3.0 _.0588 _76,0

76.0 0.0979 696,0

25,0 0,3360 518.0

26,0 0,9756 560,0

?8-0 1,053 58_-0

30,G 1.130 628.0

32.0 1,206 671,0

3_.0 1,282 71_.0

3_.0 1,35_ 756.0

38.0 1._0_ 799.0

60,0 1.5L0 861,0

65.0 1.69_ 966-0

50,0 1.882 1050.0

55.0 2.075 1150,0

60.0 2,262 1260.0

65,0 2.R50 1360-0

?_.0 Z,632 1N?O,O

75.0 z.sz_ 1570.0

aO.O 3.011 1670,0

90.0 3.36_ 1180.0

10_.0 3,757 2080,0

125.0 6.690 2600.0

150.0 5,622 3116.0

L?_.0 6.55N 3620,0

200,0 7._06 _130.0

225,0 8._17 _650.0

?50.0 9,3_9 5160.0

225.0 I0.28 5620.0

300.0 11.71 6180,0

350.0 13.08 7710.0

600.0 1R.96 023_,0

_50.0 16,80 9?60.0

500.0 18-66 10300.0

600.0 22,39 12300.0

700.0 26.12 16_00.0

800.0 29.8_ 16h00.0

90_,0 33.57 10500,0

10_C.0 37,30 ?0500,0

1100.0 61.02 ?2600.0

1?00,0 _6.75 2H600.0

1300,0 _8.60 26700.0

1600,0 5Z,?0 28700.0

1500.0 55.93 30000.0

ISOTHERM ISOCHORE INTERNAL _NTMALPY ENTROPY

DERIVATIVE DERIVATIVE ENERGY

CC-ATHIG ATMIK JIG JIG J/G'K

2.50 3.661 7.?59 1.81R

3.$5 6.509 8.161 ?.153

_.18 5.561 9,276 ?.507

_.$1 6.785 10.63 ?.867

h.5W 8.302 12.32 3.262

_.29 10.?0 IR.R5 3.707

6.27 10.65 1R.96 3,805

_.13 11.12 15.50 3.906

6.05 11,57 16.02 6.00_

3.95 12.03 16.56 6o1C6

3,85 12,52 17,12 6.710

3,75 13.03 17,72 6.318

3.E6 t3.97 18.35 R.R30
3.52 1W.t_ 19.07 R.567

3.39 1_.77 19,76 R.670

3,26 15.3_ 70,51 R.799

2,53 19.18 ?5.60 5.581

1.86 23.66 31,85 6.507

1.k6 22.11 37.1W 7.766

1,19 30.31 61.08 7.870

1.02 32,91 66.09 8.389

C.098 35.25 69.96 0,031

0,807 37,62 53.50 9.?22

0.73E 39.67 57.0? 9.576

0,832 43.30 63,_8 10,19

0.557 66.96 69.6_ 10.73

0.h9_ 50.60 75.63 11.21
0.M53 53.96 81.50 11.65

0,h15 57.36 87.2_ 17.0k

0.383 60.?7 93.00 17,61

0.356 66.1_ 98.66 12.76

0.333 67._? 109.3 13.08

0.112 70.79 109.8 13.38

0.296 76.08 115.3 13.66

0.278 77.36 120.0 1_.93

_.266 80.62 126.3 1_.18

0.251 83,07 131.7 1_.63

0,260 02,10 137.1 16.66

0,729 90.33 1R?,5 16,88

0,220 93.55 1k7._ 15.09

0.203 100,0 158.6 15.68

0.109 106,6 169.3 15.85

0.172 112.7 179,9 16.?0

0.165 1t9.1 190.5 16.52

0.156 125.6 701.1 16.82

0.167 131,7 711.7 17.10

0.1_C 110.1 272.? 17.30

0.126 153.8 ?68.5 17.99

_.111 169.6 226.7 10.55

0.101 185.3 300,9 19.05

0.0922 ?00.9 327.0 tq.50

0.08_0 216.6 353.1 19.97

0,0769 ?32.3 379.? ?0.30

0,0736 262,9 GO5.] 70.66

0.0689 263.5 _31.3 21-00

0.0617 296.8 k83.k 21.61

0.C551 3?6.0 535,_ ??,16

0.06_0 _0_.0 665.6 23.3?

0.0322 _0?-0 795,3 2_,?7

_.031h 560.0 925.? 25.07

0.0275 637,9 1055,0 2S.76

0.0?66 715.8 1185,0 26.38

0.0270 793.8 1315.0 26.9?

0,0200 871.7 1_5.0 27.6?

0.0183 969.6 157R.0 27,07

0,0157 1105.0 1836.0 28.67

0.0177 1261.0 2096.0 ?9.36

0.0122 1617.0 2353.0 Z9.98

0.0110 1573.0 2613.0 30.5?

0,00916 188_,0 3132.0 31.N7

0.00786 7196.0 3652,0 32,27

0.00687 ?508.0 W171-0 32-96

0.00611 2819.0 6690.0 33.58

0,00550 3131.0 5709,0 36.12

0.00700 36_2.0 5729.0 3_.62

0.00658 375_.0 E768.0 35.07

O.OOq?3 6066.0 6767.0 35._8

0.00_93 _377,0 72_7,0 35.87

0.00367 R889.0 7806-0 36.73

CV

JIG-K

1.671

1,8R0

2.019

?-161

2.37_

?.571

?.561

?.582

2.565

2.57_

2.507

2.602

2o619

2°6W0

2.663

?.689

2-863

3.0_1

3.086

3.09k

3.095

3.096

3.097

3.099

3.101

3,106

3,111

3.116

3.170

3,123

3-175

3.127

3.128

3,129

3.129

3.179

3.130

3,130

3.130

3.130

3.129

3.179
3.178

3.128

3.171

3,127

3.126

3.175

3,176

3.12_

3.173

3,122

3.1Z2

3,12]

3.1?1

3.120

3.120

3.119

3,118

3.110

3.118

3.118

3.117

3.117

3.117

3.117

3.117

3.117

3,117

3.117

3.117

3,116

3.116

3.116

3.116

3.116

3.116

3.116

3.116

CP

1,765

2.106

2.5k0

3.055

3.735

_.676

6.897

5.09?

5.283

5.532

5.813

6.132

6.695

6.911

7.388

7.932

11.36

11.83

10,16

8.887

8.031

7,657

7.0R7

6,75_

6.3?2

6.137

5.977
5.861

5.772

5.696

5.63Z

S.581

5.538

5.503

5.672

5.447

5,626

5.404

5*367

5-372

5.346

5.326

5.309

5-?95

5,286

5,276

5.266

5.269

5.730

5.2?9

5.223

5.718

5.21R

5.211

5.209

5.?05

5.?02

5.198

5.196

5.195

5.19_

5.194

5.19_

5,193

9.193

5.193

5.193

5.193

5.193

5.193

5.193

5.193

5.193

5.193

5.193

5.193

5.193

5.193
5.193

VELOCITY

OF SOUNO
M/S

77_.6

268.3

260.7

251.0

237,1

217.7

213.6

210.5

?07*k

203.5

199.5

195.6

191.1
186*7

182.2

177.7

157.4

150.0

152.1

I57.1

163.1

169.3

175.4

181.k

197.7

203,2

213.0
222.3

231.0

23q.2

267.0

756,5

761.7

263.7

775. R

282.0

288.k

296.6

300.6

306.6

318.0

329.0

339,6

349-9

359.0

369,5

378.8

601.3

627.k

662.6

R61.0
680,2

R90.0
515.1

531.6

563.3

593*2

262.1

72_.5

781.9
83S.3

885-6

933.1

978,3

1022.0

1103.0

11_9.0

1250.0

1317._

1643,0

1558.0

1E65,0

1766,0

1861,0

1952.0

Z039,0

?!22.0

2202,0

227q.0

• TWO-PHASE _OUNDARY

_ NUMBERS IN THIS COLUMN HAVE BEEN MULTIPLIE_ BY THE INDIC_TEO FACTOR
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THE RHOPHYSICAL PROPERTIES OF HELIUM ;
5.5 ATMOSPHERE ISOBAR

TEHPERATURE OEMSITY VIBMIOV) V(OP/OU) -V(DP/OV) T IDV/DT)/V
p v p

OEG*K G/CC JIG ATM'CC/J ATM ltDEC*K
_+ X 100

* 2,1Z1 15.50

2.5 15.49 16,0 9.65 108.0 0.0232

3.0 16.26 56.3 12.6 94.9 0.0374

3,5 lk.93 48.k 13.9 79.6 0.d525

4.0 14.48 43.1 14.4 63.7 0.0708

4.S 13.8) 39.4 14.1 kT,9 0*094T

S*B 13.11 36.0 13.0 33.1 0,130

S,1 12.92 35.3 12.7 30.4 0.139

S.2 22.72 34.7 12.6 28,2 0.147

5.3 12.53 33.7 12.6 25.8 0.157

5,b 12,33 32.8 1z.5 23.5 0.169
5.S 12.11 31*9 12.3 21.2 0.182

5.8 11.89 31.1 1Z.1 19.C 0.197

5.T 11.8; 30.Z 11.9 16.9 0.215

5.8 11.38 29*b 11.T 16.0 0.235
5,9 11.10 28.6 11,5 13.1 0.259

6.0 10.81 BT*8 11.2 11.4 0.286

6,5 8.959 24.8 9.85 S*5Z 0.458

1.0 6.981 25.b 0.75 3.99 0.466

7.5 S.672 21.1 0.23 3.93 0.366

8*m 4.819 30.0 7.96 4.09 0.290

8.5 4.Z26 33.0 7.78 4.28 0.238

9.0 3.708 87.0 ?.66 4.46 O.ZOZ

9.5 3.kbR 40.Z ?.56 ;.61 0.175

10.0 3.176 43.4 7.48 4.73 0.156

11.0 Z.752 49.7 7.30 _.93 0.128

12,0 2.455 55.8 ?.30 5.06 0.110

13*0 2.216 61.9 7.Z_ 5.16 0.0966

14.0 2.0Z3 67.8 T.19 5.24 0.086_
15.0 1,863 73,7 7.14 5.31 0.0783

16.0 1,7Z9 T9.b 7.10 5.36 3,0716

17.0 1.614 8S.k 7.06 5.39 0.0660

18.0 1.515 91.1 7.02 5.43 0,0613

19,8 1,4Z8 96.7 6.99 5._5 0.0573
20.0 1.351 102.0 6.96 5._7 0.0538

21.0 1.202 108.0 6,9; 5.;9 0.0507

2Z,D 1,220 113,0 6.92 5.50 0.0430

Z3.0 1.164 119.0 6.90 5.52 0.0456

Z4.0 1.114 124.0 6.88 5.52 C,043_

ZS.O 1.067 130.0 6.87 5.53 0.0415

26*0 1.0ZS 135,0 6.85 5,54 G.0397

28.0 0*199 146.0 6,83 $.55 0.0366

30.0 0.8893 197.0 6.81 9.56 G._339
32.0 0.8291 160.0 6.79 5,56 G.0317

34.0 0.T798 17e.0 8.T7 5.07 0.0297

36.0 0*7362 189.0 6,76 S.57 0,0280
38.0 0.8972 ZOO.D 6.75 5.57 _,0264

;0.0 0.56Z3 010.0 6,74 5,57 0.0250

45.0 0,588T 23T.0 6.72 5.57 0.0222

50.0 0,5300 263.0 6.?0 5.57 0,0199

56*0 0.4820 289.0 6.69 5*57 0.0181

60.0 0.4bZO 315.0 6.68 5.56 0.0166

65,0 0._082 341,0 6.67 5.56 0.0153

70.0 0.3793 368.0 6.66 5.$6 0.01_2

75.0 0,3642 394.0 6.85 5.$6 0.0132

80.0 0.3322 420,0 8.69 5.55 0._1_

90.1 0,2955 472.0 6.64 5,55 0.011_

100.0 0.2681 524.0 6.63 5.54 0.g0993

125.0 0.Z132 654.0 6,62 5,54 0.30795

160.0 0.1779 764,0 6.61 5.53 0.90663

175,0 0.1526 914.0 6.61 5.53 0.30569

200,0 0.1336 1040.0 6.60 5.52 _.00_98

2Z5.0 0.1188 1170*0 6.60 5.52 0.00443

250.0 0.1070 1300.0 6.60 5.52 0,00399

278.0 0.09727 1430.0 6.59 5.52 0._9362

300.0 0.08919 1580.0 6.$9 5.51 0.0_332

350.0 0.07648 1020.0 6.59 5.51 0._0285

400.0 0.06694 2000.0 6.59 5,51 0._02_9

450,0 0.05952 2360.0 6.59 5.51 0.30222

500,0 0,06358 2600,0 6,59 5.51 0.00200

600.0 0.04468 3120,0 6.58 5.51 0.00166

700.0 0.03829 3640.0 6.58 5.51 C.00143

800.0 0.03351 _160.0 6.58 S.SO _.00125

900.0 0.02979 4680.0 b.58 5.50 0.00111

1000.0 0.02681 5200.0 6,58 5.5L _.b_10_

1100*0 0*0Z438 5720.0 6.58 5.50 0.0009_8

1200*0 0*02235 6240.0 6.58 S.50 3.00J833

1300.0 0.02063 6750.0 6.58 5.50 0.000169

1400.0 0.01916 7270.0 6.58 5.50 0._0071;

1500.0 0*01T88 7790.0 6.58 5,50 J,OOO600

THERMAL VISCOSITY THERMAL DIELECTRIC
COMDUCTIVITY OIFFUSIVITY CONSTANT

HWICM-K G/CM-5 SO-CM/5

++ X 10600C_

PRANOTL

NUMBER

0.179 h9.0 0.000656 1.05835 0._82

0.197 47,9 0.&_0613 1.057q7 C.512

0.21D 45*6 0*D00553 1._5619 0.552

0.221 _2.8 0.0_5_0 1.064_? _.591

0.230 39.8 0.00_3 1.05223 0.8_7

0.234 36.7 0.0_3_2 1.0_925 0.?34

0.234 36.1 0*00037_ 1.0_5_ C.756

0.23_ 35._ _.00_61 1.0_77_ 0.772

0.23_ 3_.9 3.000353 1*0570_ 0.T89

0.233 34.3 0.0003_Z %*Q;627 C.814

0*233 33.8 3.0J0331 1._6 G*343

0.233 33*2 0.00031_ 1._59 0._75

0*232 32.T 0.000_7 1.0_67 0.913

0.232 32.1 _*00029_ 1.0_268 0.9_7

0.231 31.5 G.00_82 1.0_163 1.01
0.230 30*9 0.00_68 1.0_049 1.07

0.222 08._ 0*0_@218 1._3350 1.;3

0.208 25.9 0*000_51 1._26_5 1._8

_.19_ _5.1 0.0_03_3 1.02113 1.29

0.193 _5.0 _.000_2 1.01793 1.15

3.193 25.2 C.00_69 1._1572 1._

0.195 25.6 Q*0G3_9_ 1.01;08 0.97_

0.197 26.0 0.0_3_12 1._1282 0.928

0.201 26.5 0.000_36 1.01180 0.891

0.208 27.5 0.0_318 1.010_5 Q.8_2

0.217 28.7 0.001_ 1._911 0.812

0.225 29.8 Q._17& 1.0_2_ 0.793

0.23_ 31.0 0.001_7 1.0_75_ 0.777

0.2_ 32.1 0.03225 1.0_6_1 _.766

0*250 33.2 0.002_ 1.0_6_1 _.757

0.258 34._ 0.002_ 1.00599 0.750

_.266 35*5 0.00315 1._562 0.7_

0.27_ 36.6 _.G&3_6 1._529 0.740

0.281 37.6 Q.00379 1.0J5_1 0.736

0.289 38.7 0*0U_12 1.03_75 0.733

3*296 39.7 _.O&+_6 1._Q_52 0.731

Q.303 _0.8 0.0048_ 1.Q_32 0.729

0.311 _1.8 _.Q_516 1._13 0.727

0.318 _Z*8 _*00552 1.C_396 0*726

0.325 43.8 _*_05_C 1._3_ 0.72_

0*338 45._ 0.0066_ 3.0J_5_ 0.72_
0*352 _7.6 _.O_?_b 1._2_ 0.721

0.365 49._ 0.Q0_29 1.0_30/ 0.719

0.378 51.3 0.00915 1._289 0.718
0.391 53*0 _.010_ 1.0_273 _.717

0.416 56._ 0.0119 1._2;5 _.715

0._6 60.5 0._1_ 1._218 0*7%3

0._76 6_.5 0.0171 1._J1_6 0.710

0.5_ 68.3 O.OZOC 1.GJ179 Q*708

0*532 71.9 0._31 1._.16_ Q.7_6

3*587 79.G C.02_7 1._1_a G.702

_.61_ 82._ Q.0312 t.00131 0.7_

0.648 85.7 0.037_ _*_123 _.698

0.691 92.1 _.0_ 1.0010_ 0.69_

0.860 11_*_ C.E776 1._7_ G.673

J.973 125.Q _.1_ 1.0_066 _.670

1.08 139.0 _.136 1._L_56 0.66_

1.18 152.G C.17_ 1._9 0*666

1.28 16_.0 0.208 l._J_ 0.666

1.37 176*Q Q*2_? 1.0JO_O 0*666

1._6 188.0 Q.Z�_ 1._+_36 G.EE?

1.55 199.Q 0.335 1._033 0*668

1.72 222.0 G._3_ 1._372_ 0.668

1.89 2_3._ 0.5_ 1._J_5 0.608

2.05 26W*_ _°_E_ 1._J_22 _.6_3

Z*21 2_*0 0.79_ 1._302_ D.6_?

2.81 32_._ 1._8 1._017 _.667

3._7 39_._ 1.7/ 1._12 _.607

3.3_ 4_9.0 _.16 1.C]011 _.66_

3.60 _02*, 2._8 1._1_ _.666

3.85 41._ 3._ 1._0_ 0.666

_.57 586.C _.59 1._ 0.666

W*8_ 615._ $.IT 1.C_)7 G.668

+ T NO-PHASE BOUNDARY

_ NUMBERS IN IHI5 COLUMN HAVE BEEN HULTIPLIEO BY THE INOICATEO FACTOR
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6.0ATMOSPHEREISOBAR

TEMPERATURE VDLUHE

CCIG

DEG. K "* X .01

2.115 0.06188
2.5 0,06H26 716,0

3-0 0.06519 6_4.0
3.5 0,06898 556.0

_,0 0.06055 W64.0

4.5 0.07130 370.0
S.O 0,075Z3 278.0

5.1 D.07623 261.0

5.2 0,07732 2k8.0

5.3 0,07839 232.0

5,4 0.0/B54 217.0

5.5 0,0_078 201.0

5.6 0,08214 186.0

5.7 0.08362 172.0

5.8 0,0B525 158.0

5,9 0.08704 144.0

6.0 0.08904 131.0

6.9 0.1033 80.8

7,0 0.1275 63.5

7,5 0.1566 71.2

8-0 0.1348 84.5

8.5 0.2117 100.0

9.0 0,2371 115,0

9.5 C.2613 131.0

10-0 0.23_5 146.0
I1.0 0.3285 176,0

12.0 0,3706 204,0

13,0 0.4114 231.0

14,0 0,4512 258.0

15.0 0.4934 283.0

16.0 0.52d9 309.0

17.0 0,5669 333.0

18,0 0.6044 358,0

19.0 0.6_16 382.0

20,0 0.6784 _05.0

21-0 0.7190 428-0
22.0 0.7513 _51.0

_3.0 _.7874 474.0

2_.0 0.8234 497.0

25.0 0.35_2 519.0

26.0 0.89_9 _41.0

28.0 0.9_58 585.0

30.0 1.036 629.0

32.0 1.107 672.0

34.0 1,177 715.0

36.0 1,2_7 798.0

38,0 1.316 801,0

40,0 1.386 543,0

_5.0 1.553 948.0

50.0 1.732 1050,0

55,0 1.90_ I160.0

60,0 2.076 1260.0
65,0 Z.243 1360.0

70.0 2._19 1470,0

75,0 Z.591 1570,0

80,0 2,762 1670,0

90.0 3.10_ 1880.0

100,0 3.44? 2090.0

125.0 W.302 2600,0

150.0 _,136 3L10.0

175-0 6.013 3620.0

2GC.O 6.36_ _INC,O

225.0 7.718 4650.0

250.0 0,57 _ 5L60.0

275.0 9.426 5670.0

3GO,O 10.28 6190.0

350.0 11.9_ 7210.0

WO_.O 13.70 8230.0

450.0 1_.4J _2bC,O

50£.0 17.11 I0300.0

600.0 20.5_ 12300.0

70_.0 23.94 14400.0

800.0 27,16 Lb_OG.O

900.0 30.78 1_500,0

1006.0 34.19 2GBOC.C

1100.0 37.51 22600.0

1200.0 _1.02 2-600,0

1300,0 44,44 2O_0G,0

1WOC.O 47._6 23700,0

1500.0 51,27 30_00.0

THERMODYNAMIC PROPERTIES OF HELIUM 4

ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY

DERIVATIVE CERIVATIVE ENERGY

CC-ATM/G ATM/K JIG J/G J/E-K

2.48 3.650 7.557 1,803

3.55 4.483 8.k46 2,137

4.20 5,497 9,5k5 2°482

4,56 6.716 10.80 ?,342

4,61 8.195 12.53 3.229

4,40 10.03 14.61 3.661

_,33 10,46 15.09 3.754

4.26 10.90 15.EI 3.051

_.18 11.33 16.10 3.945

4,09 11.78 16.61 4,041

_.00 12.24 17.15 4.139

],BI 12.71 17.71 4.240

3.80 IB.21 18.29 4,343
3.70 13,73 18.91 4.451

3.59 14,27 19.56 4.963

3._7 14.84 20-25 4.679

2.82 18.18 2_,h6 5,353

2,15 22.28 30.03 6.179

1.67 26,1k 35.86 6.956

1.36 29.30 40.53 7.586

1.16 32.02 44.89 8.115

1,02 3_,47 48.80 8,571

0,909 36.72 52,E1 8.974

0.825 30,84 96.19 9.336

0,704 42.75 62.7_ 9.97

0,618 46,46 68.99 10.91

0,532 50.0_ 75,09 11.00
0.300 53.$4 80.97 11.44

0.458 56.98 86.80 11,84

0,422 60.42 9?.58 12,21

0.391 63.81 98.28 12,56

0,_65 67.18 103.9 12.88

0,343 70.51 109,5 13.18

0.323 73,82 119.1 13._7

0.30E 77.11 120.6 13.7_

0.290 80.38 126.1 13.99

0.275 83.64 131,5 14.24

0.263 86.89 136,9 1k.47
0.251 90.13 142,4 14.69

0.241 93,35 147.8 14,90

0.222 99.8 158-5 15-30

0.206 106.2 169._ 1_.67

0,19] 312.6 179,9 16,01

0.151 118.9 190.5 16.33

0.170 175-3 201-1 16-64
0.16] 131.6 211.6 16.92

0.157 138,0 222.2 17.19

0.135 153.7 248-5 17-01

0.121 169.5 274.0 i8.3fi

0.110 185.2 300.9 18.86

0.101 200.9 327.1 19.32

0.0928 216.5 353.2 19.74

0.0861 232.2 379.3 20.12

0,0803 2_7,B 405.4 20.48
0.0752 263.5 431._ 20.82

0.0668 ?94-8 483-5 21.43

0.0601 326.0 535.5 21.98

0,0_80 404.0 665.5 23.14

0,0_00 482.0 795.5 24.09

0._343 560.0 929.4 ?N,39

C.0300 637.9 1055.0 25.$0

0.0267 715.9 1185.0 26.20

0.02_0 7g3.8 1315.0 2E.74

0,0218 8_i.7 1445.0 27.24

0.0200 949.6 1575.0 27,69

0._171 1105.0 1834.0 28.49

0.0150 1261.0 ?094.0 29.18

0.01_3 1417.0 2354,0 29.80

0.0170 1573.0 2613,0 ]0.34

0.0100 1_05.0 3132.0 31-29
G.00857 2196.0 7652.0 32.0R

0.00750 2508.0 _171,0 12.78

0.00662 2819.0 4690.0 ]3.39

$.00EO0 ]131.0 5_I0.0 33.94

C.00_45 _W_3,0 5729,0 34,44

_,00500 3754.0 6248.0 34-_9

_.00461 4056,8 6767.0 35,30

0.00428 4377,0 7287.0 ]5,69

0.00_00 _689.0 7806,0 ]E.05

CV

1.652

1.832
2.010

2.1_1

2.312
2,506

2.545

2.565

2.546

2.554

2.565

2.578

2.593

2.610

2.630

2.652

2.794

2,964

3.057

3.080

3.o8e
3.091

3,094

3.096

3.099

3.104

3-110

3.115

3.120

3.123

3.126

3,120

3.129

3,130

3.130

3.131

3.131

3.131

3.131

3.131

3.130

3.1_0

3.129

3.129

3.120

3.128

3.127

3.126

3.179

3.124

3,12_

3.123

3.122

3,122

3.121

3.121

3.120

3.119

3.119

3.118

3,118

3.118

3.I18

3,117

3.117

3.117

3.117

3.117

3.117

3.117

3.117

3.117

3.117

3,116

3,116

3,116

3.116

3.116

3.116

JIG-K

CP

1.747

2.08;

2.510

3.005

3.647

4.502

4.698

4.066

5.023

5.228

5,457

5.711

5,996

6.315

6.672

7.072

9.705

11.38

10.36

9.181

8.307

7.686

7,241

6.913

6.487

6.226

6.049
9.971

5.82_

5.739

5,671

5.615

5.569

5._30

5.497

5.469

5.N44

5,423
5°404

5.388

5.360

5.338

9.319

5.304

5.292

5,281

5.2T2

5,254

5.242

_.233

9.226

5.220

9,216
5.213

5.210

5.206

5.203

5.199

5.196

5.195

5,194

5.194

5.19W

5.19I

S.193

5.193

9.193

9.193

5,193

5.193
5.193

5.193

_.193

5.193

5.193

5.193

5.193

5.193

5.193

VELOCITY

OF SOUND

278,5

272°4

265.2

256.2

243.1

224.9

221,1

218o3
215.5

211.9

208.3

204.5

200°6

196.6

197,6

I88.4

168.6

157.1

156.4

159.8

164.8

170.5

176,3

182,0
193.1

203.6

213._

222.7

231.5

239.7

247°5

259.1

767.3

269.3
276.0

282.6

289.0

295,2

301.3

307.2

318.7

329.7

340.3

350,5

360.4

370,1

379.5

k01.9

473.0

443,1

462.3

W80.8

k98,S

515.6

532.1

$63,7

593,6

662.5

7?4.8

782.2

835,6

885.8

933,4

978,6

1022,0

1103.0

1179°0

1250.0

1517,0

1443,0

1558.0

1665.0

1766,0

1862.0

1952.0

2039+0

2122,0

2207.0

Z279.0

TWO-PHASE OOUNOARY
_ NUMBERS IN THIS COLUMN HAV_ _EEN MULT]PLIEC 9Y THE INDICATED PACTOR



THERHOPHYSICAL PROPERTIES OF HELIUM W

6,0 61MOSPHERE ISOBAR

TEMPEROIURE BE_SITV VIOMIDV) V(OPIOU) -VIOPIOV) (DVIOT)/V
p v T p

OEGoK G#CC JIB ATM-CC/J ATH I/OEC,K

o_ K 100

• 2.115 15.66

2.5 15,$6 78.3 9.63 111.0 0,0222
3,0 15.34 50.0 17.8 98.8 0.0359

3,5 15.02 49.9 13.9 83.5 0,0503

W,O lk.59 _k,6 14.5 67.6 0.067;

4,5 14.03 ;1.0 14.2 51.9 0.0890

S,O 13.29 37.0 13.2 37.0 0.119

5.1 13.12 37.2 13.0 34.3 v.lZ6

5.2 12.93 36.7 1Z.8 32.1 0.133

5.3 12.76 35.6 12,9 29.6 0.141

5._ 12.5r 34.8 12.7 _7.2 0.150

5.5 12.38 3_*C 12.6 24.9 0,161

5,& 12.17 33.Z 12._ 22.7 0.177

5.7 11.96 32.4 12.3 20.5 0.185

5.5 11.73 31.3 12.1 18.5 _,200

B.9 11o;9 30.8 11.9 16.6 6,216

6.0 11.23 30.1 11.7 14.8 0.233

6,5 9.651 26.9 10.W 7,82 0,360

7.0 ?.846 26.3 9.26 _.98 0.432
7.5 6.30_ ZS.Z 8.56 4.55 _.367

8.0 6._10 30.0 8.19 ;.$7 0.298

8.5 4.724 33.7 7.96 _.71 _.Z_7

9.0 4.210 36.8 7.80 4.87 0.209

9.5 3.827 39.9 7.68 5,01 0.181

10.0 3.51_ _3.1 7.58 5.15 0.160

11.0 3.044 49.3 7._6 5,35 0.131

12.0 2,6_9 55.3 7.31 5,51 0.112

13.0 2.431 61.6 7.30 5.67 0,0902

1_.0 2.216 67.5 7.25 5.71 _.0876

15.0 2.039 73.5 7.20 5.78 0.0792

16.0 1.891 79.W 7.15 5,84 0.0723

17.0 1.764 85,2 7,10 5.08 0.0666

10.0 1.654 90,9 ?*06 5,92 0.06L0

19.0 1.559 96,6 7.03 5.95 0.0576
ZO.O 1.474 102.0 7,00 5,97 0.0541

21,0 1.399 108.0 6.97 5.99 0.0510

22.0 1.331 113.0 6.95 6.01 0.0482

23.0 1.ZtO 119.0 6.93 6.02 0.0kS8

2k.0 1.214 124.0 6.91 6.03 0.0k36

25.0 1,164 130.0 6.89 6.04 0.0416

26,0 1.110 135,0 6.88 6,05 0.0398

28.0 1.035 146.0 6.85 6.06 0.0366

30.0 0.9648 151.0 6,03 6,07 0._340

32.0 0.9036 168,0 6,81 6.08 G.0317

34.0 0.8498 1/9.0 6.79 6.08 0.0297

36.0 0.8022 189.0 6.78 6.08 0.0280
38.0 0,7597 700.0 6,77 6.08 0.326_

40.0 0.7216 210.0 6.75 B.O8 0.0251

45.0 0.6415 237°0 6.73 6.C8 0._222

50.0 0.5775 263.0 6.71 6.08 0._109
55,0 0.5252 289.0 6.70 6.08 0.0181

60,0 0.4017 316.0 6.69 6.08 &.0166

65.0 O._Wk9 3b2.0 6.68 6.G7 0,0153
T0.0 0._134 366.0 6.67 6.07 0.0142

75.0 0.386B 3gb*O 6.66 6.07 0.0132

00,0 0.3821 k20.0 6.65 6.06 &.012_

90.0 0,3221 k72.0 6.6W 6.06 0.0110

100.0 0.2901 524.0 6.6; 6.05 0,_0993

125.0 0.2325 65_.0 6.68 6.04 0.00795

150.0 0.1539 784.0 6,61 6,0_ G,0G663

175.0 0.166_ 91_.0 6.61 6.05 0,00568

200,0 0,1k57 1040.0 6.60 6.03 Q.OQWgB

225.0 0.1296 1170,0 6,60 6,02 0.00;;3

250.0 0,1167 1300.0 6,60 6.02 0,00398

275*0 0.1061 1_30.0 6,60 6,02 0,00562

300.0 0.09727 1560,0 6.59 6,02 0.00332

350*0 0.083_2 1820.0 6.59 6.01 0.00285

400.0 0.07301 2080.0 6,59 6.01 0,00249

_50,0 0.0649Z 23_0.0 6.59 6.01 _.00222

500.0 0,05844 2600,0 6.55 6.01 0.00200

600,0 0.04072 3120.0 6.58 6.01 0.00166

700.0 0.0_177 3640.0 6.58 6.01 0.00143

800.0 0.03655 4160,0 6,58 6,01 0,00125

900.0 0.03249 4680.0 6.58 6,00 G.O01L1

1000.0 0.02925 5200.0 6.58 6.00 0.001_3

1100.0 0.02659 5720.0 6.56 6.00 0.000900

1200.0 0,02438 6240,0 6,58 6.D0 0.000033

1300o0 0.022_0 6760.0 6.58 6.00 0.000769

1400.0 0,02090 7270.0 6.58 6.00 0.D0071_

1500.0 0.01950 7790.0 6.58 6.00 0,000666

THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL

CONDUCTIVITY DIFFUSIVITY CONSTANT NUMBER

MW/CM-K GICM-S SQ-CM/S

_ X 1000000

0.181 50.0 G.000_66 1,05863 0.483

3.198 48.9 0,0_62_ 1._5778 0.514

0.211 _6.S _.000561 1.05655 0.552

0.223 _3.7 O.GO05Gg 1._$490 0,588
0.232 _0.7 0.000_54 1.05275 0.63_

0.237 37.6 0.000396 1.0_995 G.714

0,238 37.0 0.00_85 1.04929 0.732

0,238 36._ 0.000378 1,_4_58 0.7W5

0.238 35.9 0.000371 1,_4791 0,757

0.230 35.3 0.000_62 I.C_?Z1 0,777

3.230 3_._ 0.000352 1.0_647 0.799
0.237 34.3 0,0003_L 1.04569 0.825

0.237 33.7 0,000330 1,0_07 0.854

0,_37 33,2 0,00_319 $.0_30 0,086

0,236 32.7 0.000300 1,04300 0,024

O.Z3S 32.1 _.000296 L,0_211 0,966

0.229 29.5 0,000_ 1.03623 1,75

0.218 27.2 0.0_0_ 1.G7930 1.k2
0,208 26,L 0.000312 1.02381 1.31

0.201 25.8 0.000_0_ 1,_2015 1.18

0.199 25.9 0.00u5£7 1,01758 1.08

_.200 26,1 0.CC0416 1.01569 1,01

0.2_2 26.5 0,00672_ 1,01_23 0.952

0,2&5 27,0 G.000_2 1.:1306 0.911

0,212 28,0 0.001_7 1,01L31 0.857

0.219 29.0 0,50131 1.01002 0.02;

0.228 30.1 0.001_5 L,00902 &.8G1

0.236 31.3 0,001_0 1.00822 0,784

0.2_ 32._ _.00206 1,60757 0.773

0.252 33.5 O,OOZ3E 1.0_701 0,762

0.260 3N.6 0.0_26_ 1.0J65_ 0.755
0.268 35.7 0.002_8 1.0061_ 0.7_8

0.275 36,8 0,00317 1.0_578 0.7_3

0.783 37.$ G,OE3_7 1._J547 0.739

0.290 30.9 G.0_37_ 1,01519 0.736

0.290 39,9 0,00_09 1.0_93 0.733

0.305 _0.9 0._0_41 1.G0_71 0,731
0.312 _Z.O 0.00_7_ 1._S0 0.72_

0,319 _3.0 0.005C7 1.CJ_31 0.728

0.026 _3.9 0,005_1 1,0J_1_ 0.726

0,340 _S.9 d.00612 1._]3_ 0.72_

_.353 _7.7 b,O_6R6 1._0358 0,722

0.366 49.6 0.007_7 1.0_335 0.720

0.379 51,4 0,_1 1,0_315 0,719
0.392 53.1 0.00923 I,_297 0.710

0.464 _.9 0.0101 1,C)281 0,717

0.417 56.5 0,0110 1,00267 0.715

0.4_7 60.6 G.0133 1.0J238 0.713

0.476 64.6 0,0157 1,00214 0.711

0.5_5 68.4 0.010_ 1.0019S 0.708
0.533 72.0 _._212 I.CU170 0.?_6

0.561 75.6 0.0241 _,00165 0,70_

0.588 79,1 0,0273 1.03158 0,7_2

0.614 82,5 0.0305 1.00143 0.700

0.6_0 85.8 Q,0339 Z.0_134 C,690

0.692 92.2 0,0412 1,0J11_ 0.69;

0.7_1 98._ 0,0_91 1,_01_7 0.691

0.861 111.0 0._712 1,00086 0.673

0,97_ 126.0 G,0_66 1.C_072 0.670

1,08 139,0 0.125 1.0_062 0.668

1,18 L52,C 0.156 1,0_054 0.666

1,B8 164,0 0.19_ 1,vJO_8 0,666

1,37 176,0 _,227 1,0JC_3 0,666

1,46 180,0 0.266 1,C_J39 0,667

1,$5 199.0 0,307 1,00036 0,660

1,72 222.C _.390 1.03031 0.668

1.89 2_3,0 0.499 1,00027 0,668

2*05 264,G 3.609 1.0302_ 0.667

2,21 28_.0 @,728 1,0]&77 0,667

2.51 322,0 _,992 1,_J018 @.667

2,0B 369.0 1.29 1,CJ015 0.667

3,07 394.0 1,6_ 1,00_14 0,667

3,3_ _29,Q 1.98 %,00012 0,666

3,60 W6Z,O 2.37 I,_O011 0,666

3,85 _9_,0 2,79 1._010 0,666

4,10 $25,G 3.2_ 1.00059 0,666

_.3_ 556,0 3.71 L.00000 0,666

4,57 586,0 4,21 1.09008 0,666

_,8_ 616,C _.74 1,_3007 0,666

* IWO-PHASE BOUNDARY

"" NUMBERS IN THIS COLUMN HAVE BEEN HULTIPLIEB BY THE INDICATED FACTOR
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THERMODYNAMICPROPERTIES OF HELIUM

6.5 ATMOSPHERE ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHJLPY

CC/G DERIVATIVE DERIVATIVE ENERGY

DEG. K _i _ .Dr CC-ATH/G ATMIK J/G J/G

2.109 0,06320

2.5 0,9619? 736-0 2,W6 3,6W2 ?.855

3.0 0,06485 686.0 3,54 W.461 8,732

3.5 0.06619 579,0 4.23 5.457 9,816

k,O 0,06506 487.0 4,61 6.652 11.14

4.9 0._7065 304,0 4.68 8.097 12.7B

5.0 O.O?M?9 303,0 6.$0 9.880 16.77

5,1 0.07520 287.0 6. W3 10.29 19.2k

8.2 0,07619 273.0 4.37 10.72 19.74

5,3 0.07715 258,0 6,29 11.13 16, E1

9.6 0.37818 242.0 6.71 11.55 16.?0
5,9 0,0/_28 227,0 W,13 11.99 17,21

5,6 0,08067 212,0 6,06 12,66 17.7W

5,? 0.0_1/6 197.0 3.55 12.91 18.29

5.8 0.08316 183.0 3.86 13.39 18.87

5,9 0.08468 170.0 _,16 13.89 19.4?

6,0 0,08535 152.0 3.69 1_,42 20.11

6,9 0,09767 102.0 3,06 17o63 23.86

7.0 0.1163 76.4 2._3 21,16 78.80

7,5 0.1414 75,2 1.91 25.03 34.14

8-0 0.1667 86,1 1.55 28.31 39.29

8,9 0.1913 10C.0 1,31 31.19 43.79

9.0 0.2149 116.0 1.14 33,69 _?,85

9.9 0.2379 130,Q 1,02 36.03 51.6T
10,0 0,2592 165.0 0._19 38.21 55.28

11,0 0.30_3 176,0 0.77 ° 47.21 61.99

17.0 0.33_E 202.0 0.680 45.98 68.34

13,0 0,3??6 230.0 O.EO? 49.60 ?_.48

16.0 0.4148 ?56.0 0.948 93.16 80.q6

IT.O 0.4513 282.0 0,501 86.61 86.33

16.0 0._87_ 308.0 0._61 60,08 92-16

17.0 0.5224 333,0 0.428 63,49 97.90

18,0 0.5573 35_.0 0.399 66,88 103.E
19-0 0.5910 381.0 0.374 20.23 109,2

20,0 0,62b0 405,0 0,_52 73,59 116.8
21*0 0.699R 428.0 0.332 ?6,86 120.3

22.0 0,6932 652.0 0,31_ 80,19 125.8

23.0 0.?271 _76.0 0-300 83._? 131.3

2_.0 0.760_ 697.0 0,282 86,68 136,0

25,0 0.7935 570.0 0.2?3 89.93 162.?

26.0 0.8266 542.0 0.262 93.16 14?-E

28,0 0.89Z3 586.0 0,241 99,6 1_8._

30.0 0.9976 630.0 0.22_ 106,0 169.1

32.0 1.023 6?6.0 0.209 117.k 179.8

36.0 1.087 717-0 0.192 118-8 190.4

36.0 1,152 760,0 0.187 125.2 201.0

38.0 1.216 803,0 O.I?_ 131.B 211.6

60.0 1,28I 8_5.0 0.15_ 137,8 222.2

_5.0 1.k_1 951.0 0.146 153,6 ?_8.5

50.0 1,600 1060.0 0,131 169,6 274,8

55-0 1.?SB 1160.0 0-119 185.1 301.0

60.0 1.918 1260.0 0.109 200.8 327,1

65.0 2.077 1370.0 0,101 216.5 353.3

70.0 2.235 1470.0 0.0933 232.2 378._

7_-0 2,394 1S?O.O 0.0870 ?67.8 _05.5

80,0 Z.952 1680.0 0.0615 ?63.5 631.5

90.0 2,868 1880.0 0.0?24 29_,7 _83.0

100.0 3.18_ 2090.0 0.0651 326,0 535.?

129,0 3.97t 2600.0 0.0520 606,0 665.7

150.0 4,76Z 3120.0 0.0433 687.0 795.6

175,0 9.55_ 3630.0 0.0371 560.0 929.5

200.0 6.839 _1_0.0 0.03?5 637-9 IQ95.0

22_,0 F,1Z? 6650.0 0.0289 715,9 1189,0

250.0 7.915 5160,0 0,0220 ?83.8 1315,0

275.0 8,703 5680,0 0.0236 871.7 14_9.0

300,0 9.NBZ 6190.0 0.0217 949,6 1579.0

390,0 11,0? 7210.0 0.0186 1105.0 1836.0

400,0 12,6_ 8260.0 0.01_2 1261.0 2096.0

690,0 14.22 9260.0 0.0166 1617.0 Z3BE.0

500.0 15,80 10300,0 0.0130 1573.0 7613.0

600,0 18.95 12300,0 0.0108 1885,0 3133.0

700.0 22.10 14_00,0 0.00928 2196,0 3657.0

800.0 25.26 16400.0 0.00812 7508,0 6171.0

900,0 28,41 18500,0 0.0072_ 2818.0 _690,0

1000,0 31.56 20500.0 0.00250 3131.0 8210.0

1100.0 3_,F2 2?600.0 0.00591 3443,0 5729.0

1200,0 37,87 2W600.0 0.00542 3784.0 6248.0

1300,0 _1,02 ?6700.0 0,00500 6066.0 6768.0

1400-0 66.18 20700-0 0.0066_ 4377.0 ?781.0

1500,0 47.13 30800.0 0.00633 4688,0 ?806.0

ENTROPY

J/G-K

1.792

2.123

2._66

2.819

3,199

3.618

3.709

3.801

3.892

3.983
4.0?7

_,172

6.2?0
k.371

k,581

5.183

5,91_

6.6?9

?.339

7,860

8.3?9
8.T62

9.113

9,755

10.31

10.80

13,25

11.6S

12.03

12.37

12,70
13,00

13,29

13.56
13,82

16.06

16.29

1_.81

1_-73

15.12

15._9

15.8_

16,16

16.67

16,75

17.02

12,6_

18,20

18,70

19.15

19.S?

19.96

?0.32
20,65

21.77

21.81

22.98

23.92
26.72

25._2

26.03

26,98

27.07

27.52

28,32

29.02

29.63

30,18

31-12

31.92

32.62

33,23
33,78

34.27

36.72

35.16

35.5?

35.88

CV

1.63k

1.823

2.001

2.141

2.301

2,k93

2.531

2.550

2.530

2.537

2.546

2.558

2.571
2.986

2,622

2.?k_

2,896

3.022

3.063

3.0?8

3.085

3.090

3,093

3,096

3.102

3,108
3.114

3.119

3.123

3,126

3,128

3.130

3.131
3.131

3.132

3,132

3.132

3.132

3.132

3.131

3,131

3.130

3,130

3,129

3,128

3,128

3.127

3.126

3.125

3,12k

3.123

3.123

3.127
3,122

3.121

3.1Z1

3.120

3.118
3.118

3.118
3,118

3.118

3.lib

3.117

3.117

3.117

3.117

3,117

3,117

3.117

3,117

3.117

3.117

3.116

3.116

3.116

3,116

3.116

JIG-K

CP

1.219

2.069

2._81

2.960

3.569

_.358

6,535

;,68_

_.816

_.990

5.183

5.395

5.628

9,88_

6.169

6._83

8.S29

10.51

10.37

9.362

8.521

?.888

F._l?

?.065

6._98

6.312

6.119
5.980

5.875

S.783

5.?09

5,699

9.599

5,557

5.522

5._91
5._69

9,k_2

9._21

S.403

S.373

5.349

5.330

5.313

5.300

5.288

5.278

5.259

9.2_6

5.236

5.228

5,223

5.218

5.21_
5.211

S.207

5. Z0_

5.199

5.197
5.19_

5.199

5.19_

S.193

5.193

5.193

5.193

5,193

9.193

9.193
5,193

5.193

B.193

5.193

5.193

5.193

S.193

5,193

5.193

VELOCITY

OF SOUND

NIS

260,2

276.3

269,6

261.1

248.8

231.6

228.1

225.9

222.9

219.7

216.3

212.8

209.2

205.6

2©1.8

t96.0

179.1

169.3

161.6

163.3

167.2

172,2

177.5

182.9

193, B

206.2

214.0
223.3

232.1

2_0.3

268.1

255,6

262.9

269.9

276,6

283.2
289,6

299.8

301,9

307.0

319.3

830.3

340.9

351.1

361,1

870.7

380,1

kO1.Y

423.6

443.?

462*9

481.3

499,0

516.1
932.6

_64.2

59k.1

662.9

725.2
782._

835.9

886.1
933,6

978.8

1022.0

1103.0

1179.0

1250,0

1313.0

1_3.0

1998.8

1666.0

1766,0

1862.0

1952.C

2039,8

2122.0

2202.8

2279,8

* TWO-PMASE BOUNDARY

** NUMBERS IN THIS COLUMN HAVE BEEN MULTIPLIEE BY THE INDICATED FACTOR
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6.8ITNOSPHEREISOBAR TNERMOPMYSICAL PROPERTIES OF HELIUM W

TEMPERATU_( O£NSITY V(DN¢BV) V(OPIDU) -V(OP/DVI (OV/DTb/V
p v T p

OEG. K G/CC JIG ATN-CCIJ ATN IlOEG,K

e_ X 100

• 2.109 15*7Z

Z*5 13.63 00.6 9.62 115.0 0.0213

3,0 15.42 59.0 12.6 103.0 0.05;5

30S 15.11 51.3 11.0 87.4 0.010_

_*0 11.69 10.0 11.6 71.5 0.06_

;.§ 11.15 42.5 1_.4 55.7 O,Q84d

8.0 13.16 39.5 13.; 40.8 0.110

S*I 13.30 39.0 13.2 38.1 0.116

S*2 13.12 $8,5 13.0 35,8 0.122

5.3 12*90 37,5 13.1 33,4 0.129

5.4 12.79 36.7 13.0 31.0 0.130

8.S IZ,60 35.9 12.9 28,6 0*144

8.6 12.43 35.1 12.7 20.3 0.15_

$.7 12.28 34.4 12,6 21,1 0.16;

5.6 12.02 38.B 12.4 ZZ,O 0.175

S*Y 11.Bt $2,9 12.2 20,0 0.188

6.0 11.58 32.2 1Z.0 18.1 0.201

6*5 10,21 Z�.t 10.9 IO.N G.293

7,0 8.598 27.7 9.75 6._0 Q.3BU
T,S T,OT3 28,9 8.92 5,32 0.359

8*0 5.997 31.2 8.45 B,16 0.300

8.S 5,226 $3.B 8.16 5.21 3.252

9.0 4.653 36.8 7.96 5.33 3.218

9.S ;.211 39.8 7.81 5.46 0.186

10.0 3.058 42,9 7,7( 5.58 d.165

11.0 3,330 19.1 7.55 5.79 Q.13_

12.0 Z.9;S SS.Z 7._5 5.95 0.11_

13.0 Z,B;8 61.3 7.37 6.08 0.103

14.0 2,111 67.3 7,31 B.18 0.0888

15.0 2.216 73.3 7.ZS 6.2b 0.3831

16,0 2.083 79.2 7.19 6.32 G.0730

17*0 1.914 85.0 7.15 6.37 u.0671

38.0 1.79; 90.0 7.10 6.11 0*0622

19.0 1.6_0 96.5 7.07 6.;_ &._50_

ZO.O 1.597 102.0 7.03 6.;7 G.35_4

21*0 1,515 108.0 7,01 b.W9 0._512

22.0 1.14_ 113.0 6.98 6.51 _.0_84

Z3o0 1.375 119.0 6,95 6,53 0._459

24.0 1,315 128.0 6.9_ 6.54 b.0_37

ZS,O 1.200 130.0 6.92 6.55 3.9_17

ZB.O 1.210 135.0 6,90 6.56 0.0399

28.0 1.121 116.0 6.87 6.57 J.0367

30.0 1.004 157.0 6.85 6,58 0.33_g

32.0 0.9778 168.0 6.83 6.59 0.0317

31.0 0.9196 129.0 6.81 B.59 0,0287

36,0 0.8081 189.0 6.78 6.60 0,02_0

38.0 0.8221 200.0 6.78 B.6G 0._26_

10.0 0,1809 211.0 6.77 6.60 0.0281

_5.0 0,6011 257.0 B,7_ 6.60 3.3222

50.0 0.62;9 263.0 6.72 6.60 0.0199

55*0 0.5804 290.0 6.71 0.59 0.0181

60.0 0,5213 316.0 6.B9 6,59 _.0365

65.0 0.1815 342.0 6,08 6.58 0.0183

70.0 0.4V7_ 368,0 6.67 6.58 _.01_2

75.0 0.4178 594,0 6,67 6.58 0.3132

80,0 0.3919 420,0 6.66 0.57 3.012_

90*| 0,3_87 173,0 6.65 6.57 0.0110
100.0 0*3141 525*0 6.64 6.56 0.30992

125.0 0.2517 655,0 6.63 6.55 0.00794

150.0 0*2100 784*0 6.62 B.5; 0.00662

175.8 0,1802 91;.0 6.61 b.54 0,J0968

200.0 0.1578 1040,0 6.61 6.53 u.OG4_7

225,0 0*1403 1170.0 6,60 6.53 _.30_2

250.0 0.1263 1300*0 6.60 6.5Z 0.:03_8

275.0 0.1149 1430.0 b. BG 6.52 _.00362

300.0 0.1054 1560.0 8.59 B.52 0.0u332

350.0 0.09055 1820.0 6.59 6,52 0.00285

400.0 0.07909 2080*0 B.59 6.51 0.002_9

;50,0 0,07052 2340.0 6.59 6.51 0.Q&222

500.0 0000310 2600*0 8059 6.51 0.302_0

600.0 0,05277 3120.0 6.58 6.51 C.00166

700.0 0.0_524 3640.0 6.58 6.51 0._01_3

800.0 0,039S9 4160.0 6.58 6.51 0.00125

900.0 0.03520 ;680.0 6.58 6,51 G.30111

1000.0 0.03168 5200.D 6.58 6.5_ 3.0_1_3

1100*0 0*02861 5720.0 B.58 _.50 3.000908

1200.0 0.02641 62_0.0 6.58 6.Su 0.03_e33

1300,0 0.02;38 6760.0 6.56 6.50 0._0_769

1130o0 0.0226; 7270.0 6.58 6.50 0._00714

1500.0 0.02113 7790.D 6.58 6.90 6.00066_

THERHAL VISCOSITY THERMAL OIELECTRIC PRANOTL

CONDUCTIVITY BIFFUSIVITY CONSTANT NUMBER

HWICM-K G/CM*S SD-CMIS

_• X 1006003

0.182 51.1 3.000676 1.35890 0,483

0.200 ;9.9 0.000627 1.05808 0,516

0.213 47.4 0.000568 1.35689 0.552

0.225 4_.5 0.000518 1.05533 0.585

0,235 41.5 d.000465 1.053_ 0.632

0.2;0 38.5 0.000410 1.05359 0.698

0.241 37*9 O.00OkLO 1.0_997 0.71_

0.2_1 37.3 0.000392 1.0_31 0.72_

0.2_2 36,8 0.000387 1.0_8_9 0,733

0.242 36.3 0.000379 1.0_80_ 0.748

0.Z_2 38.7 G.033370 1._4736 0.766

0.2_2 35.2 0.000361 1.0_665 0.78_

0.211 31,7 0.000351 1,0_891 0,810

0.211 34.2 0.0003_0 1.0_512 G.837

0.Z11 33,7 0.000330 1.3_133 0.86_

0.2_0 33.2 0.000320 1.0_313 0.896

0.235 30.7 0.000270 1.03831 1.11

0.226 28,5 G.0002S_ 1._321_ 1.33

0.215 27.1 0.06_293 1.02639 1.33

3.208 26.6 0.00_371 1.02235 1,25

0.205 26,6 0.000_61 1._1946 1.10

0,205 26.7 0.0005S8 1.31732 1,93

_.206 27.0 0.00@660 1.01566 0.972
3.209 27.; 3.000765 1,01431 0.929

0.215 28._ 0.0u0978 1.01237 0.871
0.222 29.4 0.00120 1,0109_ 0.85_

0.230 30.5 0.00142 1,03983 0.809

0.238 31,6 0.00165 1.00895 0.792

3.2;6 32.6 0.00188 1._822 0.778

0.254 33.7 0.0C21; 1.00762 0.768

3.262 3_.8 0.002_ 1,00713 0,759

0.270 35.9 O.OGZE6 1._666 0.753

0.277 37*0 0,00283 1.3_627 0*747

0.285 38.0 0.00321 1.03502 0.743

0.292 39,1 0,00349 1.03562 0.73_

0.299 40.1 0.G0378 1.0_535 0,736

0.3_6 41.1 0._0_8 1.00S10 0.733
0.313 42.1 0,U_8 1._J_88 0.731

0,32_ 43.1 0.0C_E9 1.32_67 0.729

3,327 _;.1 3.00501 1,0_40 0.728

0.3_1 kB.0 0.00566 1.0_15 0.725

0.35N 47.9 0.0063_ 1._387 0.723

0.3_7 ;9.7 0.007_5 1._362 0,72%

0.38C 51,5 0.00778 1._41 0.723

0,383 53.3 0.008_; 1.Q_322 0.718

3._05 55.0 3.0393Z 1.0_305 _.717

0._38 56.7 0,01G1 1.30280 0.716

3.448 60.7 0.0123 1.00257 0,713

3.;77 61.7 _.G140 1,_J231 0.711

5.506 08*5 3.017[ 1._3211 0.709

_,534 72.1 0.0190 1.00193 0.706

0.561 75.7 0,0223 1.0_178 0.70_

0,588 79,1 0.0252 1.0_166 0.7(2

0.615 82.5 _,0_8_ 1.00155 0.703

0.8_I 85,8 [,0311 1._JI_5 0.698

0.692 92.3 0,03_1 1.3_129 0,69_

0.742 98.5 0,0_5_ 1.00116 0.691

0,861 111.0 G,0658 1.0_93 0.673

3.97; 126.0 0,0893 1.3007_ 0.670

1.38 139.3 0.116 1.0_67 0.668

1.18 152.0 0,1_ 1.0005_ 0,666
1.28 164.0 0.176 1._3352 0.666

1,37 176.0 0.210 1._3347 0,666

1.46 188._ 3,2;5 I.S_JW3 0.667

1.55 199.0 0.283 _.GJ_39 0.688

1.72 222.0 _.367 %,0J_33 0.668

1.89 243,0 0.W60 I,_C]29 0,668

2,_5 264*Q _.562 I*00_26 0,667

2.21 284*0 0.67Z 1.00_23 0*867

2.51 322*0 0.916 I.C_020 0,667

2,8_ 559.C 1.19 1._QC17 0*667

3*07 39_,0 1,49 1,0_315 0.666

3.3_ ;29*0 1.83 i._J13 0*666

3*6( _62._ 2.19 1o0_12 0*666

3,85 ;9_,3 2.5? 1.3_11 0,666

;.10 5_5,3 2.9_ I._0_10 0,66b

4.3_ 586._ 3._3 I,_J3}9 _,666

;,57 586,0 3.89 1,63_08 0.666

TWO*PHA5E BO_NOA_Y

• _ NU_ERS IN THIS COLUNN HAVE BEEN NULTIPLIED BY THE INCICATED FAC T_R
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THERMOOYNAMIC PROPERTIES OF HELIUM k

7,0 ATMOSPHERE ISOBAR

TEBPERATURE VOLUME ISOOHORE INTERNAL ENTHALPY

CC/G DERIVATIVE ENERGY

DEG. K o* X .01 ATM/K J/G J/G

2.103 0.06333

2,5 0.06369 757.0 ?.4_ 3.635 8.183

3.0 0,06453 687.0 ].54 4.4_1 9,018
3.5 0.06581 601-0 4.ZB 5.421 10.09

4,0 0,06760 510.0 4.65 6.594 11.39

_.5 0.07005 417.0 4.76 8.008 17.98
B.O 0.07345 327.0 4.58 9,743 14.75

5.1 0.07429 311.0 4.53 10.14 15,41

B.Z 0,07519 298.0 4.47 10.56 15.09

5.3 0.07607 ZB2.O 4.40 10.95 16._5

5.4 0.07700 267.0 4.33 11.36 16.02

5.5 0.07799 252.0 4.25 11.78 17.31

5.6 0.07B05 ?37.0 4.17 12.21 17-81

5.7 0.00020 222.0 4.09 12.65 18.34

5.0 0.08143 Z08.0 4.00 13.11 18.88

5.9 0.08?75 194.0 3,91 t3oB8 19.45

6-0 D.08419 101-0 3-81 14.07 ?0.04

6.5 0.09356 124.0 3.77 16.84 ?3.48

7.0 0.1083 88.8 ?.68 20.21 27.90

7.5 0.1292 80.9 ?.14 ?3.93 33.09

8.0 0.19Z3 89.3 1.74 27.37 38,17

8.5 0,17_7 101.0 1.47 30.30 42.69

9.0 0.1965 115.0 1.27 32.93 46.86

9.5 0.?175 129.0 1.13 35.33 50.76

10.0 0.?3?8 144.0 1.02 37.58 54.45

11.0 0.2764 173.0 0.856 41.67 61.27

12.0 0.3137 201,0 0.745 45.50 67.71

13.0 0.3489 ?20.0 0.662 49.17 73.91

14.0 0.3837 758.0 0,598 52.74 79.95

15,0 0.4178 201,0 0.545 56.24 85,87

16,0 0.4514 307,0 0.501 59.73 91.75

17.0 0,4844 332.0 0._6_ 63.18 97.53

18.0 0.5170 357.0 0.432 66.50 103,2
19.0 0.5492 381.0 0.405 69.95 108.9

20.0 0.5811 405.0 0.301 73.29 114-5

Z1.0 0.61?7 429.0 0.360 76.61 170.1

22.0 0.6441 452.0 0.341 79.91 IZ5-6

23,0 0.6754 4?5,0 0.3?4 83.20 131.]

24.0 0.7064 490.0 0.309 86.47 136,6

25.0 0.7373 5?0.0 0.295 89.72 142.0

?6.0 0.7681 543.0 0.783 9?.97 ]47._

?8.0 0.8293 588.0 0.261 99.44 158._

30,0 0.8931 632.0 0.242 105.9 169.0

32,0 0.9506 675-0 0.??6 112.3 179.7

34.0 1.011 719.0 0.?11 118.7 190.4

36.0 1.071 767.0 0.199 125.0 201.0

38.0 1.131 804.0 0.188 131.4 711,E
40,0 1.191 847.0 0.178 137.7 ??2.2

45.0 1.339 953.0 0.158 153.5 ?48.5

50.0 1.400 1060.0 0.142 169.3 ?74.8

55.0 1.635 1160.0 0.128 188.0 301.0

60-0 1.783 1?70.0 0.117 ?00.8 327.?

65.0 1.930 1370.0 0.108 216.4 353.4

70.0 2.078 1470.0 0.100 23?.1 379.5

75.0 2.225 1580.0 0.093? 247.8 405.6

80.0 2.372 1680.0 0.0878 263.4 431.E

90.0 2,665 1090.0 0.0779 ?94.7 483.7

100.0 ?.959 zoqc.o 0.C701 325.9 538,8

125.0 3.691 2610-0 0.0560 404.0 665.8

150.0 4.424 3120.0 0.0467 402.0 795,8

175.0 5.156 3630.0 0.0400 5EO.g 925.7

200.0 5.58_ 4140.0 0,0350 637.9 1056.0

225.0 6.620 4660.0 0.0311 715.9 1105.0

250.0 7.35? 5170.0 0,0280 793,8 1315.D

275.0 8.084 5680-0 0,0?54 871.7 1445.0

300.0 8.816 6190.0 0.0233 949.6 1575.0

350.0 10.?8 7220,0 0.0700 11C5.0 1835.0

400.0 11.74 8?40.0 0.0175 1261.0 2094.0

450.0 13.?1 9260.0 0.0156 1417.0 ?354.0

500.0 14,67 10300.0 0.0140 1573.0 ?_14.0

600.0 17.60 12300.D 0.0117 1885.0 3133.0

700.0 ?0.53 14400.0 0.0100 2196-0 368_.0

800.0 ?3.45 16400.0 0.00875 2508.0 4171.0

900.0 26,38 18500.0 0.00778 2819.0 4_91.0

1000.0 29.31 20500.0 0,00700 3131.0 5210.0

1100.0 32.74 22600-0 0.00636 3443.0 5??5.0

1200.0 35.17 24600.0 0.00583 3754,0 6248.0

1300,0 30.09 76700,0 0.00538 4066.0 6765.0

1400.0 41.02 28700-0 0.00500 4377.0 7?87-0

1500.0 43.95 30000,0 0.00467 4689.0 7806.0

ISOTHERM

DERIVATIVE

CC-ATM/G

ENTROPY

JIG-K

1.782

2.109

2.446

2.796

3.170

3.579

3.667

3.757

3.044

3.93?

4,022

4.113

4.206

4.301

_.395

k,499

5.049

5.704

E.427

7.070

7,6?6

8.103

0.525

0.904

9.557

10.12

10.62

11,06

11.47

11.85

12.20

12.53

12.04

13.17

13.39

13.65

13.90

14.13

14.35

14,56

14.96

15.34

15.68

16.00

16.31

16.59

16.87

17,49

1P,04

18.54

19.00

19.41

19.80

20-16

20.50

21.11

21.66

22.82

?3.77

2_,57

25.26

25.08

26.42

?E*92

27.37

28.17

28.86

29.4?

30.02

]0.97

31.77

37.46

33.07

33.62

34,12

34*57

04.98

35.37

35.73

CV

1.617

1.815

1.992

?.131

2.291

2-400

2.518

?.536

2.516

?.522

?,530

2.540

2.55?

2.566

2*58?

2.599

2.706

?.841

2,970

3,042

3.066

3,0?8

3.005

3._90

3.094

3.100

3.107

3.113

3.119

3.173

3,127

3.129

3,130

3.131

3.132

3,133

3.133

3.133

3.133

3.133

3.133

3.132

3-131

3,131

3.130

3.130

3.129

3.128

3.127

3-176

3.125

3.174

3.123

3.173

3.127

3.122

3.121

3.170

3.119

_.119

3-118

3.118

3.118

3.118

3,118

3.117

3.117

3.117

3.117

3.117

3.117

3.117

3.117

3.117

3.117

3.117

3.116

3.116

3.116

J/G-K

CR

1.698

2.046

2.454

2.918

3.500

4.236

4.398

4.532

4.645

4.790

4.964

5.145

5.343

5.559

5.794

6.050

7.687

9,564

10.15

9,k41

8.670

8. okg

7._69

7.201

6.702

6.394

6,106

6,038

5.925

5.826

5.747

5.683

5.E29

5.584

5.546

5.513

5.485

5.460

5.438

5.419

5.387

5.361

5.340

5.322

B.308

5.295

5.285

5.264

5.250

5.235

5.231

5.225

5.220

5-216

5.213

5.?08

5.205

5.200

5,197

5.196

5-195

5.194

5.154

5.193

5.193

5.193

5-193

5.193

5.193

5-193

5.193

5.193

5.193

5.153

5.193

5.193

5.153

5._93

5.193

VELOCITY
OF SOUND

HIS

?83.7

780-1

E73.8

?65.9

754.?

Z38.0

234.6

?37.2

229,9

?26.8
?23.7

220,_

217,1
213.7

210-2

?06.7

188,8

174,0

167.4

167,5

170.3

174.4

179,2

184,2

194,7

?04.9

214,6

223,9

?3?,7

240,9

248,7

?56.2

263,B

?70,5

277,3

283,8

290.2

796._

30?.5

308,B

319.9

330,9

341.5

351.8

361.7

371.3

080.7

403.1

424.2

_4_.3

463.4

481.8

499.5

816,6

533,1

564.6

59_,B

663.3

725,5

782,8

836.2

886.4

933.9

979.1

1027,0

1104,0

1179.0

1250.0

1318,0

14_3.0
1558,0

1666.0

1766,0

1062,0

195?,0

2039.0

2127.0

2202.0

2279,0

TNO-PHASE BOUNDARY

*_ NUMBERS IN THIS COLUMN HAVE BEEN HULTIPLIEC BY THE INDICATED FACTOR
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THE RHOPHYSICAL PROPERTIES OF HELIUM W

7.0 ATMOSPHERE ISOBAR

TEMPERATURE DENSITY VIO_/DV) V{OPIDU) -V(OPIOVI T (OV/OT)/V
p v p

DEG. K G/CC Jl_ ATM-CC/J AIM t/DEG, K

_e X 100

• 2.103 15.79

2.5 %5.70 82.8 9.60 119.0 0.0205

3.0 15.$0 61,5 12.6 106,G 0.0333

3.5 15.19 52.7 1_.0 91.3 0.0466

4.0 14.79 47.3 14.8 75,_ 0.0817

_.5 14o28 43.9 14,6 59.6 0,0797

5.0 13.62 41.2 13.6 _W.6 0.103

5.1 13._6 40.T 13.4 _1,9 0,108

5.2 13.30 40,2 13.2 39,6 0.113

5.3 13.15 39.2 13.3 37.1 0.115

5._ 12.99 38,_ 13.2 B_.7 0.125

5.5 12.82 $?.r 13,1 32.3 0.132

5.6 12.60 37,0 13.0 30.0 0.139

5,T 12.;T 36.2 12,8 27.7 0.1N7

5.0 12.25 35.S 12,7 25.6 0.158

5.9 12.08 3_.8 12.5 23.5 0.166

6.0 11.88 3_,2 12.3 21,5 0,177

6,B 10.69 $1.I 11,3 13.2 0.247

7.0 9.230 29.3 10.2 8.20 0.B27

7.5 7.7_0 29.7 9.31 8.26 0.3_2

8.0 6.568 31.8 8.73 S.B6 0.297

8.5 5.725 3_,2 8.37 5.79 0.25_

9,0 5.090 36.9 8,13 5,8_ 0,218
9.5 _.598 39.9 7.95 5.9_ 0.190

10.0 N.231 _2.9 7,82 6.05 0.160

11.0 3.619 _8.9 7.6_ 6.25 0.137

12.0 3,193 5S.1 7.52 8._1 0.116

13.0 Z.856 61.! 7.4_ 6.5_ 0.101

11.0 Z.608 67.2 7.36 6.85 0.0899

15.0 2.393 73.1 7.31 6,73 0.0810

16,0 2.215 79.1 7.2_ 6,80 0.0737

17,0 2.06N 8b.9 7.19 6.86 0.0677

18.0 1.93_ 90.7 7.1_ 6.90 0.0626

19.0 1.821 96.5 7.10 6.9_ 0,058_

20.0 1.721 102.0 7.07 6.97 0.05_7

21,0 1.632 108.0 7.0_ 6,99 _.951_

22,0 1.552 113.0 7.01 7.02 U.3W68

23.0 1._81 110.0 6.99 7.03 0.0_61

2_.0 1._16 125.0 6.97 7.05 0.0_38

ZB.O 1.356 130.0 6.95 7,06 0,0418

26.0 1.30_ 136.0 6,93 7.07 O,C_O0

28.0 1.206 lk6.0 6.90 7.08 G.0360

B_.O 1.12W 157.0 6.87 7.10 0.03_1

32.0 1.002 16B,0 6,85 7,10 0.0318

3_.0 0,9893 179.0 6.83 7,11 0.0290

36.0 0.9338 190.0 6,81 7,11 0.0250

30.0 0.88_3 Z_O.O 6,80 7.11 0.026k

_0.0 0,8_00 211.0 8,78 7,11 0,0251

_5.0 0,7_66 237.G 6,76 7.11 0.0222

_0.0 0.6722 26_.0 6.73 7.11 0,0190

05.0 0,6115 290,0 6.72 7.11 0,0151

&O.0 0.5508 316,0 6.70 7.10 0.0165
85.0 0.5180 3_2.0 6.69 7.10 0.0103

70.0 0._513 369,0 6.68 7.09 0.01_Z

T5.D 0,_95 395.0 6,67 7.09 0,0132

80.0 0.k217 _21.0 6.67 7.09 0,_12_

BO.O 0.3752 k73.0 6.65 7.08 0.01_0

100.D 0.3380 525.0 6.65 7.07 0.00901

125,0 0,2709 855.0 6.63 7.06 0.G079_

100.0 0.2Z60 785.0 6.62 7.05 Q.00662

171._ 0.1939 915.0 6.81 T.0_ 0,00568

_00.0 0.1598 10N0.0 6.61 7.0_ 0.00q97

225.0 0.1511 1170.0 6.8C 7.03 0,00_

250.0 0.1360 1300.0 6.60 7.03 0.00398
275.0 0*1237 lq30.0 6.60 7.03 0,00362

300.0 0.113_ 1560,0 6.60 7.02 0.00302

350.0 0.09728 1820.0 5.59 7.02 0.00285

q00.0 0.08S15 2080.0 8.59 7.02 0._02_B

_BO.O 0.07572 23_0.0 8.59 7,01 0.00222

500.0 0.06016 2600.0 6.59 7,01 0.0_0

600.0 0.05682 3120.0 6.59 7.01 0,00168

700.0 0.0_072 36_0,0 8.58 7.01 O.O01NB

800.0 O,OW26N k160.0 6.58 7.01 _,00125

90G.O 0.03790 kbBO,O 6.58 7,01 G.G&111

1000.G 0,03W12 5200.0 6.58 7.01 0.00100

1100.0 0.03102 5720.0 6.58 7.OC 0.000908

1200.0 0.028_4 6240.0 6.58 7.00 0.000833

1300.0 0.02625 6760,0 6.58 7.00 0._0769

1_00.0 0.02_3_ 7280.0 6.58 7.00 0,00071_

1500.0 0,0_275 7790.0 6.58 7.00 0,000666

THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL

CONDUCTIVITY DIFFUSIVITY CONSTANT NUMBER

HWICM-K G/CH-S SQ-C_/S

_ X 1000000

0.183 52.1 0,000686 1.05917 O.kB_

0.201 50,8 0.00063_ 1,05038 0.518

0,215 k8.3 0.000576 1._5722 0.BS2

0.227 _5._ 0.000526 1,05568 0.503

0.237 _2._ 0.000_7_ 1,05370 0.626

0.2_3 3B.k O,OOOkZ_ 1,05118 0.880

_.2W_ 38.8 0.000W12 1.05060 0.699

0.2_5 38.2 0.000_06 1.0_998 0.767

0.2q5 37.7 0.0_0401 1,04939 0.713

0.2_8 37.1 0.00039_ 1,04879 0.726

0.2_6 36.8 0.000386 1.0_016 0,7_0

0.2_6 36.1 0.600078 1.0_750 0.756

0.2h8 35.7 0.G00365 1.0_681 0.77S

0.2q5 3S,2 0,000360 1,0_610 0.796

0.2_5 3_.7 0.000350 1.0_535 0.820

0.2_5 3W.2 0.000341 1.0_56 0.845

0.2N1 31.9 0.000293 1,0_005 1.02

0.23_ 29.7 0.00_265 1.03_53 1.22

0.223 28.2 0.00028_ 1*02890 1.28

0.215 27.5 0,0003k7 1.02_9 1.20

0.212 27.3 0.000426 1.02133 1.12

0*210 27.3 0.000513 1.01095 1.05

0.211 27.6 0.000606 1.01711 0.989
0.213 2_,9 0,000703 1.01564 0.945

0.218 28.8 0.000900 1,010k8 0.883

0,225 Z9.7 0,00110 1.01106 0,84_
0.203 30.8 0.00131 1,02065 0,818

0.2_1 31.8 0.00153 1.00968 0,799

0.2_8 32.9 0.00175 1.0_888 0.785

0.256 3_.0 0,0019_ 1.00022 0,773

0.261 35,1 0,00222 1.00768 0.76k

0.271 36.1 0.002_7 1.80718 0.757

0.279 37.2 0.00272 1.00675 0.751

0.286 38.2 0.00298 1.00838 0.746

3.29_ 39,3 0.0032_ 1.00605 0.742

0.361 ;O.B 0.00351 1.00576 0.739

0.B08 41.3 0.00379 1.005_9 0.738

0.315 _2.3 0.00_07 1.00525 0.733

0.322 43.3 0.00_36 1.00503 0.731

0.3_9 _k.2 0.00;66 1.0_NBB 0.729

0,3_2 R6.2 0,00527 1,00_7 0.727

0.355 _8.0 O.O05B_ 1.00_16 0.72_

3.369 _9.8 0.006_6 1.U_390 0.72Z

0.351 51.6 0.0072_ 1.00367 0.721

0.39k 53,_ 0.0079B 1.003_6 0.719

0.k06 55,1 0.00868 1.0_328 0,710

0._10 56.8 0.009_3 1.00311 0,717

0,_49 60,8 0,011_ 1.00277 0.71_

0._70 6_.8 0.0135 1,002_9 0.711

0.507 65.5 0.01SB 1.00207 0.7_9

0.535 72.2 0.0182 1.0_205 0.706

0.562 75.8 0.0208 1.00192 0.70_
0.089 79.2 _.0234 1.00178 O*70Z

0.816 82.6 0.&263 1.00166 0.760

0.8_2 85,B 0.02_2 1,D_156 0,89&

0.693 92.3 0.0355 1.00139 0,69_

0,7_3 98.6 0.0_22 1.00125 0.691

_.862 112.d 0,0610 1.001_0 0.673

3.97_ 126.0 0.083_ 1.0008_ 0.670

1.08 139.0 _,107 1.00072 0,668

1.18 152,0 0.13_ 1.00063 0,666

1.28 16_,0 0.163 1,00056 0,866

1.38 176.0 0.195 1.0_050 0,666

1._6 185.0 0.228 1.000_6 0.667

1.55 200.0 0.283 1.000_2 0.668

1,72 222,Q 0.3_1 1.00036 0*668
1.89 2_3.0 0._28 1,00032 0*665

2.G5 26_.0 0.522 1.0002B 0.667

2.21 2B4.0 0.62_ 1.00025 0.667

2.$1 322,0 0.85C 1,00021 0.667

2.8_ B59,0 1.11 1.0001B 0.667

3,07 39_.& 1.39 1.00016 8,666

3,34 _29,0 1*?G 1.0091_ 0.666

3.60 _6Z.O 2.03 1.00013 0,666

3.85 _9_.0 2.39 1.00011 0*666

_,10 525,0 2.77 1,00011 0,666

_.3_ 556.0 3.1_ 1.0J010 0.666

_,57 586.0 3.61 1*00009 0.686

_,80 616.0 h,06 1,05008 0.666

TWO-PHASE BOUNDARY

_' NUMBERS IN THIS 3CLUHN _AVc BEEN HULIIPLIED BY THE INOICATEO FACTOR
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IHERMOOYNAMIC PROPERTIES OF NELEUH k

8.0 &TMOSPHERE ISOBAR

TEMPERJTURE VOLUHE
CCIG

DEG* K _o X ,01

• 2.091 0.06Z83

2,5 0.06J16 797.0

3,0 0.06394 729.0

3.9 0.06211 644,0

N,O 0.06676 554.0

k.9 0.06897 _63.0

5.0 0.07197 374.0

5-1 0.07270 358-0

5*Z 0,02341 3_5,0

5.3 0.07_22 330,0

5.W 0.07501 315.0

5.9 0.07504 300.0

5.6 0.07672 285.0

5.7 0.07766 Z?O*O

5.8 0.07865 256.0

5.9 0.02971 2_2,0

6.0 0.08084 229.0

6.5 0.08784 168.0

7,0 0-09002 124.0
7.5 0.1125 101.0

8.0 0.1305 98,9

8.5 0.1496 108.0

9-0 0.1681 119.0

9,5 0.1863 131,0

10.0 0.20_1 145,0

11.0 0.2381 172.0

12,0 0.2708 200.0

13.0 0.$025 227.0
14.0 0.333_ 25_.0

15,0 0.36]7 280.0

16.0 0.393_ 306.0

17-0 0._?27 331.0

18.0 0._515 356.0

19.0 O._aO0 381,0

20,0 0,5082 _05.0

21-0 0.5361 429.0

22.0 0.5638 453.0

Z3.0 0,591_ _76,0

2_,0 0.6187 _99,0

25.0 0.6_59 522.0

26.0 0.6T30 545.0
28.0 0.2269 590,0

30.0 0.7813 63k*0

32.0 0,8335 678.0

34.0 0.8864 722.0

36.0 0.9391 765.0

38-0 0.9917 008.0

40.0 1.04_ 851.0

45.0 1.125 957.0

50,0 1.305 1060-0

55.0 1,_34 1170.0

60,0 1.563 1270,0

65.0 1.692 1380.0

70.0 1.821 1_80.0

75.0 1,950 1580,0

80.0 2.079 1690.0

90.0 2.336 1890.0

100-0 2.59Z 210C.0

125.0 3,23_ 2610.0

150.0 3.875 31?0.0

175,0 4.512 3640.0

20C.0 5.156 4150,0

225.0 5.796 _660,0

Z50.0 6.WI? 5170.0

275.0 7.077 5690.0

300.0 ?.718 6200.0

35_-0 8.990 7220.0

_00,0 10,28 8250,0

_50.0 11,56 9270.0

500.0 12.8_ L0300-0

600,0 15._0 12300.0

700,0 17,96 14400,0

000.0 20.23 16_00.0

900.0 ?3.09 18500-0

1000,0 25.65 ?0500.0

1100.0 28.21 ?2600,0

1200,0 30,77 24600.0

1300-0 33,33 26700.0

lk00.0 35.90 28700.0

1500.0 38._6 30800.0

ISOTHERM ZSOCHCRE INTERNAL ENT_ALPY ENTROPY

OERIVATIVE DERIVATIVE ENERGY

CC-ATB/C ATM/K JIG JIG J/_-K

2._0 3,628 0,747 1,783

3.5k 4.408 9.590 2.083

_.29 5.358 10.6_ 2.k13

k.73 6,492 11,90 2.755

_.87 7.851 13.44 3.117

k.75 9.505 15,3_ 3.509

k,70 9.800 15.77 3.593

k.65 10.27 16.23 3.677

W,59 10,65 16.66 3.760

_.53 11.03 17.11 3.843

N._6 11,41 17.56 3.927

_.39 11.81 10.03 _.012

_.32 12.72 18_? _.098

k.?k 12.64 19.02 4.185

W.16 13.07 19.54 _.27_

W.08 13,52 20.07 _,36_

3. E2 15.96 23.08 _,8_7

3.10 18-8_ 26.79 5.398

2,58 22.13 31._5 6.01_

2.13 25,5_ 36.12 E,6_

1.79 28.69 40.8? 7._1_

1.55 31._5 _5.05 7.701

1.36 33.90 49,00 8,134

1.22 36.34 52.88 8.524

1.02 _0.60 59-90 9.196

0.82_ k4,55 66.50 9.T72

0.777 48,31 72.8_ 10.28

0.E99 51.9_ ?8.97 10.7_

0.636 55.50 8_.98 11-15

0.583 59,05 90,_W 11.5_

0.539 62,5W 96,80 13.89

0.501 65.99 102,6 12.22

0,_69 69.39 I0_.3 12.53

0._40 72.77 114.0 12.82

0,_15 76.12 119,6 13,09

0.393 79,_5 125.2 13.3_

0.37_ 87.76 13_.7 13.60

0.35E 86-05 136._ 13._3

0.3_0 89.32 141.? tk.06

0.325 92,59 147.1 1_.27

0.299 99.09 158.0 1_.68

0.278 105.5 168.8 15.05

0.259 112.0 ]79,5 15,39
0,2_3 118.4 190.2 1_.72

0.228 12_.8 200.9 1E-02

0.216 131.2 211,5 16.31

0.SG_ 137.5 222.1 16.58

0.181 193.4 2_8.E 17.21

0-162 169.2 274.9 17.76

0,147 18k.9 301.2 1_.26

0.13_ 200.6 327._ 18,72

0.12_ 216.3 353.5 1°.1_

0.115 232-0 3?9.7 19.57

0.1_7 247.7 k05.8 19,88

0.100 ?63.3 _31.8 ?_.22

0.0891 29k,6 hSk. O ?C.83

0.0801 325.9 536.0 21.38

0,0640 40k.0 _66,1 22,5_

0.0533 _82.0 796.1 73,_9

0.0_57 560-0 926.0 ?_.?9

O.OhO0 637.9 1056.0 2_.99

0,0355 715,9 1186.0 2_.60

0.0320 793.8 1316.0 2E.15

0-0291 871-8 1445.0 ?6.64

0,0267 9_9.7 1575.C 27.09

0.0228 1106,0 1835,0 27,89

0.C200 1261.0 2095.0 28.59

0.0178 1_17.0 2354.0 ?9.20

O.OIEO 1573-0 7614.0 29.7_

0.0133 1085.0 3133,0 30.69

0,0114 2196,0 3652.0 31.49

O*OlCQ 2508.0 _172,0 3_.19
0.00889 2019.0 4691.0 3_.80

0.00800 3131.0 5210.0 33.34

0.00727 3_3,0 5729.0 33.84

0.00666 375_.Q 6?49.0 3_.29

0.00F15 _066.0 6768.0 3k.71

0.00571 _376.0 7287.0 ]5.09

0.00533 k689.0 7807.0 ]5.45

CV

1.58_

1.790
1.97_

2.112

2.271

2._58

2._95

2.512

2._91

?.496
2.503

2.511
2.52?

2.534

2.5_7

2,562

2.651

2.762

2.000

2.979

3°037

3.059

3,072

3.001
3.008

3.095

3.103

_.111

3.118

3,123

3.127

3,130

3,132

3-133

3.139

3,135

3,135

3.135

3.135

3,135

3.135

3.13_

3.13_

3.133

3-132

Y,132
3.131

3.129
3,128

3,127

3,126
3.125

3,125

3.12_

3.123

3-122

3.122

3,120

3.120
3.119

3.119

3.110

3.118

3.118

3.110

3.110

3.117

3.117

3.117

_.117

3.117

3.117

3.117

3.117

3.117
3.117

3,117

3,117

3,137

J/G-K

CP

1.657

2.011

2.8_2

3.381

_.038

k.128

4,292

4.379

4.501

_.633

_.774

_,526

5.090

5,265

5.452

6.602

8*8_5

9.199

9.326

8-792

8.2_9

7.791

7.419
6.882

6,542

6.311

6.1k5

6.015

5.909

5.820

5.748

5,607

5.636

5.593
5.556

5.52_

5.496

5._21

5.k50

5.k13

5.384

5.3E0

5.3_0
5.323

5.309

5.29?

5.274

5.258

5.2k6

5.236

5.229

5.22_

5.219

5.215

5.210
5.206

5.200

5.198

5.196

5.195

5.19_

5.194

5.39_

5,193

5.193

5.153

5.193

5.193

5.193

5.193

5.193

5.193
5.193

5,193

5.193

5.193

5.193

5.1_3

VELOCITY

OF SOUND

M/S

290.6

287.4

281.0

27W.0

26_.3

?k9.6

2_6.6

2_k.5
242.5

239.8

237.1

234.2

231.3

228.3

225.2

222.1

206.0

191.1

180.8

177.1

177.8

180.2

183.7

187.9

197.?

206.7

216.2

225.3

734.1

242-2

250.0

25?,5
26;,8

271-8

278.6

285.1

291,5

297.8

303.6

309.8

321-2

332.2
342,8

353.1

363.0

372.6

381.9

_0W.3

425.k

k45.4

_6k.5

_82.9

500.5

517.6

53k*1

565.6

595.k

664.1

726.2

_83.5

836.8

886.9

93_.k

979.5

1023.0

110_.0

1180.0

1251.0

1318o0

1_43,0

1559.0

1666-¢

1767,0

1067,0

1953.0

2039.0

2122.0

2202.0

2280.0

TW0-PHASE 80UNDARY

• _ NUMBERS IN THIS COLUMN HAVE B6EN MULTIPLIED BY THE INDICATED FACTOR
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THEPMOPHfSICAL PROPERTIES OF HELIUM W
8,G ATMOSPHERE ISIBAR

TEMPERATURE DENSITY VIDH/DV) V(DPIDU) -V(DPIDV) T (OVIDTIIV
p v p

OEG. K G#_C JIG ATN-CCIJ ATM llOEG.K
** X 100

• 2.091 15.92

2.5 15,83 87.2 9,56 120,0 0.0190

3.0 15.6W 6W,8 12.6 11M,0 0.Q310

3.5 15.36 SS.W 1_,2 98,9 C.QWI_

W.O 1W.98 _9,9 15,0 83.0 0,05?0

W.5 1_.50 _6,5 1_.8 67,1 J.07Z5

5.0 13.89 _W,2 13,9 52,0 0,0913

5.1 13.76 _3.0 13,T _9,3 0,_903

5.2 13.6[ W3.W 11,6 WT.0 0.0909

5,3 13._7 _2._ 13.? _,5 U.lb3

S.W 13.33 _1.? 13.6 k2,0 0o108

5.5 13,1_ WI._ 13,5 39,5 0.113

5.0 13.03 kO.3 13.k 37.1 0,118

5.? 12.88 39.1 13,3 3_.8 f,12W

9.8 12,11 39,1 13,2 32.6 0.130

5.9 12.5_ 38,_ 13.0 3Q,q 0,13T

6.0 12,3T 37,8 12,9 28.3 _.1_

6,6 11.38 35,0 12.0 19.2 _,189

?.0 10.Z0 32.8 11.0 12.6 0.2_5

7.5 8.891 32,1 10,1 8.98 0.267

8.0 7.652 33,1 9.3_ 7.58 0.201

8,5 6.685 35.3 8.8_ ?.21 0.2_9

9.0 5.9_8 3T,7 8.50 7._T 0.219

9.5 5,357 _0,] 8,26 7.05 _.193

10.0 _,900 _3.1 8,08 7._9 0.172

11,0 k.199 _8.9 ?,B_ 1.23 C.tW1

12,0 3.693 Bk.9 7.68 7.37 0,119

13.0 3,306 60,9 T.57 7,50 _.10_

1_,0 3,0]0 66,9 ?,_9 T,61 0.0918

15,0 2.100 72,9 T.k2 7,70 0.0826

16,0 2.5_Z 18.9 T,3_ 7,78 0.07_9

17.0 2,366 8_.? 7.28 T,8_ 0,0687

18.0 2.215 90.5 7.23 7,90 0.0635

19,0 2.083 96._ ?,18 7,9_ _,0090

Z_.O 1.968 102.0 7,1_ 7,97 3,0552

21.0 1.8_6 IG8.0 ?,11 8.00 0,0519

22.0 1.TT_ 113.0 7.08 8,03 0,0_90

23,0 1.691 119.0 T.05 8.05 0*Q_6_

2k.O 1.616 125.0 7.02 8.07 0,0_1

25.0 1,5_8 130.G 7.00 8,08 O._k2_

26,0 1.k86 136.0 6.98 8.10 G._02

28.0 1,I76 1_?._ 6,94 8.11 0._369

]0.0 1.282 150.0 6.91 8,13 0._3_2

32.0 1.200 168,0 6.89 8.1_ 0,0318

3_,0 1.120 179.0 6.86 _.1_ _,0298

I6,0 1.065 190.C 6.8_ 8,15 _,0280

30,0 1.008 201.0 6.83 8.15 _,0265

_0.0 0.9_T8 _11.0 6.81 8.15 0.0251

_5._ 0.851k 238.0 6.78 8.15 0._22_

SO,O 0.7566 26b.0 6.76 8.15 0.0199

55.0 0.69T3 291.0 5.?_ 8.1_ 0,0180

50.0 0,6396 31/.0 6.72 8.13 d,0165

65.0 0.59_9 3_3,0 6.71 8.13 0.0152

?Q.O 0.5_91 369,0 6.70 8.12 0.01W1

75.0 0.5128 39_,0 6,69 8.12 0.0132

80,_ 0,k011 W22,] 6,68 8.11 0.012_

90.0 0._281 _?k,O 6.67 8.10 0.0110

100.0 0.3857 526,0 6.66 8.09 v,Q0990

125,0 0.3092 656.0 6,6_ 0.08 0,_0793

150.0 0.2581 766.0 6.63 0.06 U,_0661

175.0 0.2215 916.0 6.62 8.05 &,GO56?

200.0 0.19_0 1050.0 6,61 8.05 0.00_97
225,0 0.1725 1180.0 6.61 8,0_ 0.00_2

250,0 0.155_ 1310,0 6.60 8.0_ 0,00398

2T5.0 0.1W13 1_30.0 6.60 8.03 0.00362
300,0 0.1296 1560.0 6.60 8,03 0.00332

300.0 0,1111 1820.0 6.59 8.03 0.00285

_00.0 0._T29 2000.0 6,59 8.02 0,002_9

_50.0 0.00611 23_0.0 6.59 8.02 0.00222

500.0 0,0??88 2600,0 6.59 8.02 0,_0199

600.0 0,06_93 3120.0 6,59 8.01 0,00166

?00.0 0.0556? 36_0,0 6.58 0.01 0,001k3

860.0 0.0_872 _160,0 6.58 0.01 0,00125

900.0 0.0_$31 _680.0 6.50 8.01 0,0G111

1000.0 0.03699 5200.0 6,58 8,01 0.00100

1100.0 0.03545 5?20.0 6,50 6.01 C.OdO90B
1200.0 0.03250 6240.0 6.50 8.01 0.000833

1300,0 0.03000 6?60.0 6.58 8.01 0.000769

1_00.0 0.02_86 ?280.0 6.58 8.00 0.00071_

1500.0 0.02600 7800.0 6.58 8.00 C.000666

THERMAL VISCOSITY THERMAL DIELECTRIC

CONDUCTIVITY OIFFUSIVITY CONSTANT

MW/CH-K G/CH-S SQ'CM/S

"_ X 100_000

PRANDTL
NUMBER

0.185 5k,l 0.000705 1.0596T 0,_85

0.203 52.8 0.0006_7 1.05893 0.522

0.210 50.1 0.0_590 1.05T85 0.553

0.231 _7.1 0.0005_2 1.006k0 0,580
0.2_1 _.0 0.000_92 1.05_56 0.616

0,2k9 _1.0 O.0OOk_ 1.05225 0.665
0.250 _0,_ 0,00_35 1.05172 0.676

0.251 39.8 0.000_29 1.05116 0.682

0.252 39,3 0.000_26 1,0506k 0.68_

0.252 38.8 0.000_2_ 1.05010 0.692

0.253 38,3 0.000_1_ 1,0_95_ 0.102

0.253 37.8 0,000_07 1,0_897 0.713

0,25_ 37,_ _,000_00 1.0_837 0.726

0.25_ 36.9 0.006392 1,0_T75 0.?_0

0,25N 36,_ 0.00038_ 1.0_710 0.756
0,263 36.0 0.0003?6 1,0_6_3 0,77_

0.251 33,8 0.00033_ 1,0_269 0.888
0,2_6 31,8 0.000300 1._3820 1,0_

0.236 30,_ 0.000291 1,0332_ 1,17

0.230 29.1 0.000322 1.02861 1,18
0,22_ 28.6 0.000382 1,02_93 1.12

0.222 28.5 0.000k51 1.02217 1,06

0.221 28.6 0.00052_ 1.01999 1.01

0.222 28.9 0.000609 1,0182k 0.967

0.225 29.6 0,00_783 1.0_562 0.903

0.231 30.5 0.000958 1.01373 0,862

0.238 31,_ 0,0011_ 1.01228 0,832

0,2_6 32._ 0.00133 1.0111M 0.811

0.253 33,5 0,00153 1.01021 0.796

0.260 3_,S 0,00173 1._09_k 0.183

0,268 35,5 0.0019k 1,30878 O.T?2

0.2?5 36.6 C.00216 1,00822 0.76_

0.282 37.6 0.00238 1,_0773 0.757

0,290 38,6 0.G0_61 1,0_T30 0,?02

0,297 39.6 0.0028_ 1.00692 0,?_?

_,30_ _0,6 0.00308 1.00658 O,T_3

0.311 _1.6 _.00333 1,00627 0.?_0

0.318 _2,6 0,00308 1,00599 0,737

0,325 _3.6 0.00383 1.0057_ 0.735

0.331 _.6 O.OOqv9 1.00501 0.733

0,3k5 _6._ _,00_63 1.00510 0,729

0.358 _8,3 _,00519 1,0_75 0.726

0.3T1 50.1 O.bQB?? 1,00k_5 0.72k

0,38_ 51.9 0.0_637 1.0OkI8 0.722

0.396 53,6 0.00699 1,00395 0.721

J._08 55.3 0,00763 1,0037_ 0,?19

_,_21 57.0 0.00829 1._0805 0.T18

0._61 61,1 O.01O& 1.00315 0.715

0,_80 65.0 0.0119 0.0J26_ 0,T12

0.508 68.T 0.0139 1,00208 0,709

0,536 ?2.k 0.016£ 1.0J237 0,?07

0.56_ 75.9 0.0182 1,00219 0.70_

0.590 79._ 0.0206 1.00203 0.702

0.617 82.8 0,0231 1.09190 0.700

0.6k3 86.1 0,0206 1.0_1T8 0.698

0.69_ 92,5 0.0311 1,00109 0.69_

0.?_ 98.7 0.037_ 1,0_1_3 0,691

0,863 112.0 0.0536 1,00115 0.6?3

0,975 126.0 0.0727 1.0_096 0.670
1,08 139,0 0.09_1 1,00_82 0.668

1.18 152.0 0.118 1,00_72 0.666

1.28 16_.0 0,1_3 1,0006_ 0.666

1,38 176.D 0.171 1.00058 0.666

1.k7 180o0 0.20_ 1,00052 0.667

1.55 260.0 0,230 1.000_8 0.668

1.72 222,0 0.299 1,_0W1 0,668

1,89 2_3,0 0.37_ 1,00_36 0,668

Z.05 26_.0 0._5T 1.00332 0,66?

2,21 28_,0 0o5_6 1.00029 0.66?

2_51 322,0 O.?_k 1,0002k 0,66?

2,80 359,0 0,968 1.00021 0.66?

3,07 39W.0 1.21 1.00018 0.666

3,3_ _29,0 1,_8 1._0016 0*666

3.60 _62,0 1.78 1,0001_ 0,666

3,85 R9_._ 2.09 1.00013 0.666

_.10 525.0 2._3 1.00012 0.666

_.3_ 556.0 2.78 1,00011 0,666

_.57 $86._ 3,16 I,C3010 0,666

_.80 616,0 3,06 1.00010 0,666

* IWO-PH&SE BOUNDARY

_ NUMBERS IN TNIS COLUHN HAVE BEEN MULTIPLIEO BY THE INDICATED FACTOR

9_



9,0 ATMOSPHERE ISOBAR

TH_RHOOYNAMIC PROPERTIES OF HELIUM 4

TEMPERATURE VOLUME [SODHCRE INTERNAL ENTM_LPY

CCIG DERIVATIVE ENERGY

OEG- K '_ X .01 ATHIK J/G JIG

2.079 0,06235

2,5 0,06266 835.0 2,36 3.626 9.340

3-0 0.06338 769.0 3.53 4,383 10,16
3,5 0.06447 605.0 4.33 5,306 11.19

4.0 0.06599 597.0 4.00 6.404 12.42

4.5 0,06802 507,0 4.98 7.717 13.92

5,0 0.07075 419.0 4.09 9,305 15.75

5.1 0.07135 40_,0 4.85 9,564 16.17

5.2 0.07204 391.0 M,81 10.04 tB.Et

5,3 0,07269 376.0 4.76 10.39 17.02

5,4 0.07337 B6t,O 4,70 10.75 17.44

5.S 0.07409 346-0 4,E4 11.12 17.88

5.6 0,07_85 331,0 4,50 11.50 18,32

5,7 0,07565 316.0 _,52 11,88 15,70

5.8 0,07649 302.0 4.45 12.27 19.75

5.9 0.0T738 208.0 _.30 12.68 19.73

6,0 0.07532 274,0 4.31 13,09 20.23

b.5 0.05392 Zl3.0 3,90 15,32 22,97

7o0 0.09160 162*0 3,4_ 17.89 26.24

7-5 0.1022 129.0 2.95 ?0.81 30.12

8.0 0.1158 116.0 2.50 23,97 34.53

8.5 0.131b 117.0 2.12 27,13 39.13

9,0 0.1418 127.0 1,83 30.08 43,56

9.5 0,1636 137.0 1,61 32.70 47,61

10.0 0.17_1 1_9.0 1,43 35.14 91,48

11-0 0.Z093 124.0 1,19 39.55 55.64

12°0 0.2385 200.0 1.02 43.61 65.36

13.0 0.2669 227,0 3.896 47.45 71.79

14.0 0.29_6 253.0 9.503 51.1E 25.02

15,0 0.3218 28_.0 0,729 54,l? 8W.12

16.0 0°0406 306,0 0,667 58,37 90,16

17,0 0,3749 331.0 0,E15 61.91 96.10

18.0 0.400? 357,0 0,521 65.40 101.9

19.0 0.4263 381.0 0._3_ 60.04 107.?

20,0 0.4516 406.0 0.501 72.25 113.4

21o0 0.4766 430,0 0.472 75,63 119,1

22.0 0.5315 454.0 0,446 75,98 124,7

23.0 0.5261 477.0 0._24 87.32 130,3

24.0 O,550E 501.0 0.403 85.63 135.0

25,0 0,5749 524.0 0,305 88,93 141,4

26.0 0.5991 547,0 0.368 92,21 146,8

28.0 0.6_73 592.0 0,339 98,7_ 157-8

30.0 0.6950 637.0 0,31h 105,2 168.6

32,0 0.7H25 681.0 C°292 111,7 179.4

34,0 0.7897 725,0 0.274 110,1 190.1

36.0 0,8367 769.0 0.258 124.5 200.8

38-0 0.8535 812,0 0,243 130,9 211,5

40.0 0.9302 855,0 0.230 137.3 222.1

45.0 1,0_6 962°0 0,20_ 153.2 ?48.6

50,0 1.162 %070.0 0,183 169,0 275,0

55,0 1.277 1170.0 0.165 154.8 301.3

60,0 1.393 1280.0 0.151 200.5 327.5

65.0 1,507 1380°0 0.139 215.2 353.7

70,0 1,622 1450.0 0.129 231.9 379.8

75,0 1.735 1590.0 0.121 247.6 406,9

80.0 1.851 1690.0 0.113 263.3 432,1

90,0 Z.Ot_ 1900.0 0.100 294.6 _54.2

100,0 2.305 2100.0 0.0902 325.9 536.3

125.0 2,87B 2620.0 0.0721 404.0 666.4

150.0 3,440 3130.0 0,0600 487.0 796,4

175°0 4.017 3640.0 0.0514 550,0 926,3

200.0 4.555 4160.0 O.OW_O 635,0 1056.0

225.0 5,156 46?0.0 0,0400 715.9 1186.0

750,0 5.725 5180.0 0.0360 793,9 1316.0

?75°0 6,294 5690,0 0.0327 571,R 1445.0

300.0 6.853 6200.0 0.0300 949,7 1576.0

350.0 8,032 723L.0 0._257 1106,0 103_.0

400+0 9.140 b250,0 0.0?25 1261.0 2095,0

450-0 10.28 9280-0 0.0200 1_17.0 2?55,0

900.0 11.42 10300.0 0,0180 1573.0 261_.0

600.0 13.69 12300.0 0,0150 1885.0 3133.0

700.0 15.9? 1_400.0 0,0129 2196,0 3653.0

800-0 18.25 1E400.0 0.0112 2508.0 4172.0

900.0 20.5_ 18500,0 0.0100 20?0,0 4691.0

1000,0 22,80 20500,0 0.00900 3131,9 5211.0

1100,0 25*0B 22600,0 0,00018 34_3,0 5730.0

1200-0 27.36 2_600,0 0,00750 3754.0 6249.0

1300,B 29.6] 20700.0 0,00E92 W066.0 6768.0

1400,0 31.91 28700,0 O,COEW3 kBld,O 7280,0

1500,0 3_.19 3D090-0 O.OOEO0 4689.0 7507.0

ISOTHERM

OERIVATIVE

CC-ATM/G

ENTROPY

J/G-K

1.745

2.058

2.382

2,716

3.069

3.448

_.527

3.608

3.687

3,766
3.846

3.926

4,007

4.009

4.172

4.256

_.697

5.1_2

5,219

6.290

6.8_8
7.355

?.794

5.190
0.826

9.463

9.9_

10-4_
10.86

11.25

11,61

11.95

I?.?F

12.55

12.83

13.09

13.34
13.57

13.50

I_*Ol

1_,42

14,29

15.1_

15.47

15.77

16.06

16.33

16.96

17°51

18,01

18.47

%8.89

19.28

19o64

19.92

20.5g

21.14

22.30

23.25

24,05

34,74

2_,35

25.90

26.40

26,85

?7,65

28.34

28.95

?9,50

30.45

31.Z5

31,94

32.55

33.10

33.59

3_.05

3_°_6

3_,55

35,20

" TWO-PHASE BOUNDARY
"= NUMBERS IN THIS COLUMN HAVE BEEN MULTIPLIED BY THE INDICATED FACTPq

,4

CV

1.552

1.781

1.996

2°094

2.252
2,438

2,475

2.491

2._69

?.474

2.480

2.488

?.498

Z.505

2,5?0

2.534

2,613

2.709

2.013

2,912
2.989

3.037

3.057

3.071

3.001

3.090

3,100

3.108

3.116

3,123

3.127

3.130

3.133

3,134

3.135

3.136

3.137

3.137

3,137

3,137

3.137

3.136

3,136

3.135

3,13_

3.133

3.133

3.131

3.130

3,178

3.127

3.176

3,126

3.125
3.124

3.123

3.122

3.121

3.120

_°119

3,119

3o119
3,11_

3.118

3.115

3.I15

3.11_

3.117

3.117

3.117
3.117

_,117

3.117

3.117

3.117

3.117
3.117

3,117

3.117

J/G-K

CP

1.619

1.979

2.359

2.777

3.202

3.882

4.005

k.108

4.178

4.281

4,390

4,507

4.E32

9.759

4.904

5.053

5.935

7.039

0.161

8.797

8,734

8,313

7.909

7.559

7.019

6.E6_

6.419

5.241
6.105

5.986

5.859

5.809

9°743

5.687

5,639

5.598

5,562
5.531

5,504

5,_79

5._39

5._06

5,379

5.357

5.339

5.323

5.310

5,20_
5.266

5.252

5.242

9.234

5.?27

5.222

5.718

5,212

5.208

5.?01

5.190

5,196

5.195

5,194

S.1_4

5.194

5.193

5.193

5,193

5,193

5,193

5._9B

5.193

5.193

5.193

5.193

5,193

5,193

5.193

5.19]

5,193

VELCCITY

OF SOUND

M/S

297.0

294.2

289._

283.2

273._

260.1
257.4

255°E

253.8

251._

248,9

246._

243.7

241.0

_38.3

235.9

220.9

206.7

195,0

188.1
186.3

187,4

189.6

192,7

2_0,5

209,2

210.2

227.0

235.6

243.7

251-5

258.9

266,2

273.1

279.9

286.5

292,9

799.1

305,2

]11.1

322.5

333.5

344.1

354.3

364.2

373,0

383.2

_05,5

_26.5

_46,5

465.6

45k.0

501.E

518.E
539.0

566.5

596.3

E64.5

726.9

784,1

_37.4

007.5

534._

980.0

1023.0

1104,0

1100,0

1251.0

1315,D

1444.0

1559-0

1666,0

1767.0

1862.0

1953.0

2039,0

2123,0

2202.0

2280,0

Y



THERMOPHYSICAL PROPERTIES OF HELIUM 4

9.0 ATMOSPHERE ISOBAR

TEMPERATURE DENSITY VIOH/OV) VIOP/OUI -V (OPIDV; (OVIOT) /V
p v T p

DEGoK G/CC 3/0 ATM°CC/J A/M I/0E6, K

• e X 106

" 2.079 16.0{.

2.B 15.96 91.S 9.51 133.0 0.G1/7

3,0 15.78 68.0 12.6 111.0 0.0791

3.5 15.51 58.0 14.0 116.0 0.0407

4.0 15.15 52.3 15.1 90.5 0.0531

4.5 14.70 'o9.2 15.0 /4.6 0.0667

5.0 14.14 47.1 14.2 59.3 C.0024

5,1 14,01 46.0 1W.0 56.6 0.0857

5.2 13.88 I06 . (* 13.9 54.3 0.0886

5.1 13.75 k5 .W 14.0 51.7 0. 6970

5.4 13,63 _4.7 13,9 40,1 0,0957

5.5 13.50 1,4 • 1 13.9 46.6 0.100

5.6 13.36 eo3.5 13.8 4W.Z O. 10(*
5.7 13.27 k2.8 13.7 41.8 O. 108

5.8 13.07 J,Z.3 13.6 39.5 0.113

5.9 12.92 kl.7 13.4 37.2 0.118

6.0 12.77 W1.1 13.3 35.0 0.123

6.5 11.91 38.5 12 • 5 25.3 _, 154
7o0 10.92 36,3 11.6 17.7 0,194

7.5 9.789 38.0 10.7 12.7 0,133

8.0 8.61(* 15.1 10 •0 10.0 0. 251

8.8 7.600 36.6 9.38 8.91 0.239

9,0 6,705 38.9 8,81 0.57 0,214
9.5 6.L1_ WI,3 8,60 8,39 0.192

10,0 5,588 43,8 8.36 8,31 0,172

iI,0 4.718 k. 9.3 8,08 8.32 0,142

12,0 4,193 55,0 7.85 8.40 0.121

13.0 3.7{.7 60.9 7,71 8.80 {.160

14,0 3.39(* 66.8 7.61 8 ,60 0.098_

10,0 3,107 72,8 7.53 8.69 O. _1838

16.0 2.869 78.8 7.44 8.77 0.0760

17.0 Z.6_8 84.7 7.37 8.8W 0._696

18.0 2.405 90 ._ 7,31 8.90 Q. 0642

19o0 2.346 96.3 7.26 8.95 0.0596

20.0 2.114 101 •0 7 •? 1 8.99 0 • "557
Z 1.0 2.098 108 • 0 7 • 17 9.02 O. 05?3

22,0 1.994 113.0 7.14 9.&$ J. 0(.93

23.0 1.901 119.0 7.11 9.00 0._4E7

24.0 1.818 125.D 7.08 9.1 _' 0.04(*3

25.0 1.739 130.0 7.05 9 .If 0.0422

26._ 1.659 116.0 7.03 9.13 O. 0403

28.0 1.5{,5 147.Q 6.99 9.1_ 0.0370

30.0 1.43:] 158.0 6.95 9.17 O. U3{.2

32.0 1.3{.7 169.0 6.93 9.18 0.0319

34.0 1.166 180.I 6,90 9.18 _. 0298

36.0 1.195 190.D 6.88 9.19 0.0280
38.0 1.131 201.0 6.86 9.19 0.0265

40.0 1.075 212.0 6.84 9.19 0._251

_5.0 C.q_56 238.0 6.81 9.19 0.0222

50.0 0.8505 269.0 6.78 9.18 0.3199

55.0 0.7818 291 . O 6 • 76 9.18 3 • J 186
50.0 0,7181 318.G 6.7*, 9.17 0._165

65 • 0 0.6634 34(* .0 6.72 9.16 0 • 0152
ZO.(] 0.6/65 370.0 6.71 9.15 0.01(.1

75.0 0.5759 396.f 6.70 9.15 0.0132

_0.0 0.5403 _22.0 6.69 9.14 3.3124

90.0 0.(.809 ',7_. 0 9.68 9.13 0.011_

100.0 0.4333 5?7.0 6,66 9 .iZ 0. 00909

175._ 0.3{.75 657.0 6.64 9.15 0.0u792

150.0 0.2:]01 787. r' 6.63 9.00 0,_0661

175.0 0.84.89 916.0 6.62 9.07 0.00567

2_0.0 0.2180 1050.0 6.62 9.06 C.00497

225,0 0.I9{.0 1180.0 6.61 9.05 J._f, 442

?_0.0 0.1747 1310.0 6.61 9.05 0.¢0390

275.3 0.1589 1(.4_. 0 6.60 9 . 04 C • _C ]62

300.0 0.1{.57 1570.G 6.60 9.04 0.00332

350.0 0.1250 1800. n 6.60 9.63 0.00285

(.00.0 0.1094 1080.0 6.59 9.03 0.00249

450.0 0.09T29 2340.0 6.59 9.02 0.60222

500.0 0.0_759 2600.0 6.59 9.02 0.00199

600.0 0 °07303 3120.0 6.59 8.02 O. 90166

700.0 0.05261 36_} .0 6.59 9.01 _. 0_143

P.0 :_.0 0.05480 4160.0 6.58 9.0 1 0.00125

900.0 0.0._872 _.E&O. I) 6.50 _1.01 0.30111

1000.0 0.04386 52_L). 0 6.58 9.01 0.00100

1130.0 0.03957 5720.Q 6.58 :].01 {J..)G _.90 _

i23 0.0 0.01655 62_0.0 6.58 9.61 0._00032

1300.0 0.03375 6760.0 6.58 5.01 J.OOUlb8

1(.30.0 0,03134 72_.0 6.5_ :].£1 _.G_0714

15._ 0.0 0.0 Z925 7_00.0 6.58 9.0 t _. _ 0 C660

THERMAL VISCO51TY THERMAL DIELECTRIC PRANOTL
CONOUCTIVITY DIFFUSIVITY CONSTANT NUMBER

MH/CH-K G/CM-S SQ-CM/S

_ X 10000U0

0.107 56.2 0.0007_4 1.06016 0.486

0.206 54.7 0.00066_ 1.05946 0.515

0.121 51.9 0.00C603 I.CSBW3 Q.559

0.234 48.7 0.000556 1.05706 0.578

0.245 45.6 0.000509 1.05533 0.610

0.254 42.5 0.000462 1.05319 0.651

0.255 41.9 0.000454 1.05771 0.659
3.256 41.4 0.000448 1.05220 0.663

0.Z67 40.9 Q.060448 1.05172 0.663

0.258 40.4 0.000448 1.05123 0.669

0.289 38,9 0.000437 1._5073 0.676

0.260 39.4 0.G00432 1.05021 0.683

0.160 38.9 0.000_25 1.04967 0,692

3.261 38.5 0.000_19 1.04912 0.703

0.261 38.0 0._00411 1.04854 0.714

0.261 37.6 0.000(*65 1.04795 0.727

0.260 35.5 0.000368 1.0w(.71 0.810

0,857 33.6 0.00033(* 1.0(.091 0.922

O.ZSi 31.0 0.5_0_14 1.03664 1,04

0.2(*4 30.8 0.000321 1.03727 1.11

0.237 30.1 0.0G0357 1.08838 1.11

0.233 29,7 0.0_U{.1(* 1.07523 1.06

0.231 29,7 0.050478 1,01279 1.02

0.231 29.9 0.G00547 1.02080 0.979

0.233 30.4 0.000_85 1.01778 0.916

0.238 31.2 _.000881 1.01560 0.874

0,24(* 32.1 0.06161 1.01393 0.044

0.Z_1 33.0 0.00118 1.31261 0.822

Q.258 34.0 0.00136 1.01154 0.806

0.265 35.0 0.00154 1._1065 0.791

0.271 36.0 0.60173 1.00991 0.780

3.279 37,0 0.00192 1.03926 0,771

0o286 38.0 0.00212 1.00871 0,763

0.293 39.0 U,00213 1,00822 0.757

0.3&0 40.0 &.0015(* 1.00779 0.752

_.307 41.0 0.0_275 1.00740 0.748

0.314 42.0 0.00297 l. OJ/05 0.744

0.321 43.0 0.00319 1.03674 0.741

0.327 43.9 0.003(*2 1.0_645 _.738

3.334 44.9 0.00365 1.00619 0.736

0.347 46.7 0.00413 1.00573 0.732

_.360 48.6 0.00463 1.00533 0.729

0.373 50.4 _.0_515 1.03499 0.726

0.386 52.1 0._0569 1.03(.89 0.724

0.398 53.9 0.0G62(* 1.0_W3 0.722

0.411 55.5 0.00681 1.00_20 0.720

0.423 57,2 C.0G741 1.0_390 0.719

0.453 61.3 0,_0096 1.00354 0.715

0.482 65.1 0.0106 1.53319 0.712

0.510 68.9 _,017(* 1._0290 0.710

0.538 72.5 G.01(*3 1.00266 0.707

0.565 76,1 5.0163 1.03246 0.7_5

0.592 79.5 0.018_ 1.00228 0.701

0.618 _?.9 0.0206 I._213 0.700

0,644 06.2 0.0229 1.0020J 0,688

0*605 92.6 0,0277 1.03178 0.694

0.745 98,8 0.033_ 1.G0160 0.691

0.86_ 112,G 0.0478 1.0J129 0.673

0.976 126.0 0,06(*8 1,00107 0,67_

1._8 139.0 0.0838 1.00092 0.668

1,19 152,0 0,105 1,_0S1 0.666

1.28 164.3 0.127 1._77 0,666

1.30 176,J 0.102 1.0J665 0,666

1.(.7 188._ 0.178 1.00059 0*667

1.55 ?00.0 0.205 1.00054 0.668

1.77 ?22.] 0.?66 1,0d046 0,668

1.89 243.0 0.333 1.0.041 0.668

2.05 264.0 C.(*O_ 1._3036 0.667

Z.81 284,3 0.(*86 1.0]_32 0.667

2,61 3ZZ.O 0.662 I._077 0.667

2.80 359.0 0.06_ 1.00023 0.667

3.07 394,G 1.00 1.00020 0.666

3,3(* (*29*3 1.32 1.0001_ 0.666

3,60 462.0 1,58 1._J616 G.666

].85 (.94._ 1,86 1,CQO1B 0.666

_,IG 525,3 ?.16 1.00014 0*666

W.34 556.u 2.47 1.00012 0.666

4,57 BB6,U 2,51 1.33012 0,666

4,80 616,0 3.16 L._0011 0.866

TMO-PHASE DOUNDA_ Y

_ NUMBERS IN Tq[S $CLUHN HAVE _EEH MULTIPLIED BY THE INDICATED FACIOR



THERMOOYNAMIC PROPERTIES CF HELIUM G

1E.O ATMOSPHERE ISORAR

TEMPERATURE VOLU_E

CC/G

DEG. K _I X .01

2.067 0.06190

7*5 O.J6Z19

3.0 0.06786

3.5 0.06308

G.O 0,06530

_,5 0.06717

5.0 0.06_62

5.1 0.07319

5.Z 0.07080

5.3 0.01138

5.W 0.07199

5.5 0.07263

5.6 0.07330

5.7 0.07399

5.8 0.07_72

5.9 0.075_9

6.0 0,07629

6.5 0.05099

7.0 0.08715

7.5 G,09531

8.0 0.1059

8.5 0.1155

g.O 0.1575

9.5 0.1_66

10.0 0,16_3

11,0 0.1571

12.0 0.2133

13.0 0.7358

1_.0 0o76_0

15.0 0.755?

16.0 0.3179

17.0 0.336_

18.0 0.36_3

19.0 0.3535

70.0 O.kOEk

Z1.0 0._2_1

22-0 0._515

23,0 O.W?WO

7_.0 0.N961

25.0 O.SISZ

26,0 0.5G01

Z8.O 0,5836

30.0 0.6768

32,0 0.6697
3_.0 0,7123

36.0 O.?5M?

38.0 0.7970
_o.0 0,0391

_5.0 O.9N_O

50,0 1,0_8

55.0 1.157

60.0 1.756

65,0 1.35_

70.o 1.W6]

75.0 1.56_
_0o0 1.669

90.0 1.87_

100-0 Z-OB_

175.0 ?.59]

110.0 3.106

175.0 3.6l_

200.0 _.131

ZZ5.0 _,6_$

250,0 5,155

275.0 5.665

300.0 b.150

35G.0 7.70W

_00.0 8.779

_50.0 9.7_3

500.0 10o75

600-0 12.33
700.0 I_.30

800.0 16._3

900.0 18._7

1000,0 20.57

1100.0 27.57

1700.0 2_.5_

1300.0 76.67

1_00.0 20.77

1500,0 30.?T

ISOTHERM ISCCHORE INTERNJL ENT_aLPY ENTROPY

DERIVATIVE OERIVATIVE ENEV_Y

CC-ATH/G ATMIK J/G J/_ J/G-K

8?2.0

BOB,O

776,0

639.0

55C.0

W63.O

NWB.O

_35-0

_20,0

_05.0
_90.0

3?5.0

360,0

3_E,O

33?.0

319,0

755.0

702.0

167.0

I39.0

_37.0

136.0

1_6.0

156,0

_79,0

203.0

228,0
2_.0

20O.0

306,0

_32.0

35?.0

_07,0

_31,0
G55.0

_79.0

503.0
526.0

595,

6_0.0

68_.

?29.0

772.

_16.0

859.

966.

107 O.O

1150,

12_0.

1_90.

1_90-0

1590.0

1700.0

1900.0

2110-0

2620.0

31N0o0

3650,0

_160°0

_670°0

5190,0

_?O0,O

6710.0

7230,0

826C.0

9280,0

1(300.0

12_0C,0

1_00.0

16500.0

1_500,0

7050D.O

276_0.0

Z_O0.O

26?00.0

2_00,0

_OBO0,O

CV

J/G-K

CP VELOCITY

CF SOUN_

M/S

2._2 3°ETq 9,_I 1,726 1,52_ 1.583 ]03,1

3,52 _.365 10.73 ?,OZE 1,76_ 1.9W5 700,?

_,26 5._67 11.7_ ?._5_ I._39 ?.317 296.5

_,87 6.330 i?,_5 2.651 2,07_ ?.?18 291,0

5,07 7,602 1_._1 ?*_2_ 2,2I_ 3,19_ _87.3

5.07 9,13_ 16._ ?,_92 ?,_0 3.756 769._

_,95 9-8_0 17._I Z.5_ 2._73 3.961 765.?
_.91 i0°18 17._! 7°623 2°_51 _.01_ 2_.I

_._6 I0.52 17._? _,699 ?._55 _,I08 ?EZ,O

_.51 10.57 I_-Z_ _.776 ?._I _.703 759.7

_,E9 11°60 ig.09 3.qTO 2._77 _,_10 ?55.0

_,E3 11.97 19,E_ _.007 ?._7 _°521 757,5

_,57 17,25 70.0_ _,086 2._97 _,E39 750.0

_.13 I_.02 73,03 _.576 _.5_ 5-_81 73G.I

3.77 1_o17 26,_0 _.015 ?,671 6._67 220°7

_.27 Ig.bl 29._? 5,_99 ?.765 7,327 ?05.7

2._ 22o71 33,_ E*OI_ 2,05F 8.11_ 200°0

2._ 25,7_ 37.75 6,537 ?,9_q 0._29 195o6

7.12 28,?_ _2,I_ 7,02_ 3.001 0,2_9 19_._

t._6 31,50 _6.36 7._97 _.0_I T,g_5 196._

1.E5 3_.01 50°25 7.59_ _,059 7,E]_ 198.5

I._b 38.5_ 57._0 8,590 _.07_ _.112 70_°6

1.16 _2,70 6_.21 _,185 3.055 6.757 212._

1,07 _6._? 70,5? 9,?0_ 3.095 6,_0_ 720,_

0.$I0 SO.3Q 77,I_ 10,I_ 3.1_5 6.223 _79.1

_°752 S?,71 89._2 11,00 3.1?2 6,056 7_S._

O,E9_ 61,70 95._2 11,_E 3.127 5.953 ?53*0

0,6_ 6_._? 101,7 11.70 3.1_I 5.86_ 760.5

0.599 68.30 :07,? 12.01 _.13_ S,7_5 767.6

0.56? 71,7_ 112,_ 17._I _,136 5.7]_ 27_°E

0.52 C 75.15 118.E 12.$9 _,137 5.E87 781.3

0.$00 70-53 1_.3 12,55 3.1_B 5°630 7_T,_

0._7_ 01.08 179._ I_.I0 3,139 5.599 79_,3

0.G51 85.22 135.5 1_.3_ _,109 5.565 ZO0°S

0._30 _8°53 I_I.0 13.56 3,13 ° _._35 306-_

Do_11 91.03 I_6.6 12.78 _.1_9 5._05 _12._

0,350 10_,9 160,_ 1_.56 3,138 5,_7_ 33_.9

O*_2E 111,_ 179._ I_.91 7,137 5.399 3_S.G
0o_0_ 117.6 190°0 I_.7_ _,137 5._75 35_._

0.257 I?_._ 700,? 15.55 3.1_E 5,35_ 365.5

0.271 130.7 _11._ I_.5_ _.I]5 5.33? _?S.1
C.25? 137.1 2_7°! 1_,II _,1]_ 5.322 _N°_

0,727 153.0 ?_°E IE.?3 3,133 5,29_ _06.7

0.20? 16_.8 275.g 17.79 _.101 5,273 _27.?

0°18_ IB_,6 301._ 17.79 3.100 5.?$_ _7,?

0.168 200._ 327°E 15.75 3,179 5,2k7 _66,7

0.15_ 716,1 35_._ 1_.67 _.125 5,235 W8_.0

O,1G_ 7_1-0 _80.0 19.06 3.177 9.231 502.6

D.I]_ ?_7,5 _6,? ig,_2 3.1_6 6.276 519,6
0.12_ 263.2 _32.3 19.75 _.125 5.721 536.0

0.111 2_°5 _._ ?0,_7 Z,12_ S.?lk _67._

0.I00 325,8 536.6 20.97 3,123 5.?09 597.1

0._801 W03.9 666.? 22.05 3,127 5,70_ E6S,_

0.06E7 _87.0 796.7 23.03 3,121 5.199 72?,_

0.G571 SEO-O 926.E _.83 _.170 5.197 76G.8

0,0500 638.0 1057,0 ?_,52 ?.119 5,195 830._

0,0_ 715.9 1106.0 2_.1_ 3.119 5.195 800.0

0,0_00 793,g 1316.D 25.68 3.119 5.19_ _35._

0.0363 071,8 1_6.0 76.15 3,118 5,19_ 900.5

C,03?3 9_9.7 ]576,_ 26.63 _,115 5.193 107N.0

0,0_06 1106.0 1036,O 27,_ 3.11_ 5.193 1105.0

0.07_0 1261.0 7095.0 28,12 _.118 5o193 I100°0

0.0277 1_17,0 2355,0 28.?3 3,118 5._93 1251°0

0,0200 1573,0 2615.0 79,2_ 3.117 5.193 I_19-0

_,01_3 2196.0 _65_°C 31.03 3.117 $.193 1_59,0

0,0175 2505.0 _172.0 31,72 3.117 5.193 IE66.C

0.0111 2520,0 _692.0 _2.33 3,117 5.193 1767.0

0.0100 3131.0 5711.0 ]2.88 3.117 5,193 1_62,0

0.0O909 Z_.O 5730°_ _?,38 _.117 6.193 1953,0

0.0C833 375_.G 62_9,0 32,52 , _.117 5,193 20_0,0

0.00769 _066.0 _769.0 _.2_ _.117 5-193 2123,0

0.0071_ _7_,0 77_8.0 ]_.63 3.117 5.193 2703,0

_.00666 _689.0 ?_07.0 _.99 3.117 5.193 ?200.0

TWO-PHASE BOUNOARY

_ NUMBERS IN THIS COLUMN HAVE BEEN HULTIOLIEO BY THE INCICATEO FACIOP



THERMOPHYSIOALPROPERTIES OF HELIUM
10.Q ATMOSPHERE ISOBAR

TEMPERATURE DENSITY VIBHIOVI V IDPIDUI -V (OPIDV) T (DV/OI] /Vp v p

3EG. K G/CO Jl; ATM-CC/J AIM IlDEG. K

++ X 1J0

2.057 16.16

2.5 16.05 99.7 9.W8 1_J .0 G.JIB5

3.0 15.91 71 .I LZ.8 129.0 Q.02ZW

3.5 1S.55 65.W I*.W 11W .0 @,_313

*.0 15._1 S*.6 15.3 97.8 _.VW�8
.5 1W ._ 51 •6 15.2 B1.9 _. 062n

5,(} t*._b k.9.8 1+. (, E6.5 O.QTS_.

5.1 1W.25 W9.5 I*.2 _3._ _.0702

5.3 1W._I W8.2 I_.3 58 ._ 0.083*

5,5 13,77 '6.9 IV.2 53+7 0.0_96

5.6 13.0. W6.3 IW.I 51.2 _._9Z9

5.7 13.51 W5.8 iv.& w8 .7 5.096_

5.8 13.3'_ WS.Z 13.9 W6.3 G.IOG

6._ 13.25 WW.7 13.B _'i.C G.16W

6.0 13.1l W*.2 13.7 W1.7 _. lr, 8

6.5 12,35 WI.7 13.0 31.5 G.131

7.0 11.'7 39.0 12.1 23.2 0.1E. 1

7.5 10 ,_::) ]8,1 11.3 17.0 O. 19_'

_.0 9._W7 37.5 1_.5 13.1 0.210

_._ 8,_35 38.3 9.86 11.1 C.22_

9.0 7.650 _0.1 cj.36 10 .3 _.;07

9.5 6.822 *.Z.5 8.96 _.9, 0.187
13.0 6.2W0 k*.8 _.67 9.72 Q. 17_

12._ (* .FJ59 55.* 8.03 9.5;: _.122
1 ].r', *.157 61.1 7.86 9._7 d.l_b

1_.0 3.7_9 6T._ 7.7*. 9.53 _.09_

15,0 3.N5_ 72,_ 7,b* 9.71 _,08_.9

16.0 3.1_6 78.8 7.54 9.79 _.3759

17.0 _.959 8V.7 7.4+0 9.8(_ 0._7_3

18.0 2.775 90.5 7.39 9.92 a. JB_8

19.0 2.608 96._ 7.3_, 10.0 0.06_1

_0.0 2.'_60 102._ 7.29 10 .C +.&561

21,0 _ ,330 108.0 7._ 10.1 0.0527

2 _ .0 2.21W 11, .Q 7 •21 15 •1 _ •(_96

23._ 2.11{_ 119.0 7.17 iJ .1 5.0_.b9
2'..0 _' .016 1":'5.0 7.13 10.1 0.3.._5

25.0 1.930 131.0 7.11 1J .2 u. Q_._W

26.0 1.852 136._ 7.G8 10 .2 _. 0_5

28.0 1.713 1_7._ 7.03 10 .2 J._371
30.0 1.595 158._ 7.Q0 10 .2 _,• 03.3

32.0 1._3 169._ 6,96 tO .Z C.5319

3N,0 1.,0_ 180.C 6.9_ IO .2 u. OZ99

_6.0 1.3_5 191. "_ 6.91 1_ .Z 0._Z81

38.0 1.255 ZOZ.(_ 6.89 10 ,_ 0.0265

+G.O 1.1_ ZIZ.[ 6.87 10.2 _._Z51

I+5.0 1.059 239,0 6.83 10 .2 G. _2ZI

50.0 0.9539 _66.@ 6.80 10 .Z 0.0199

55,0 0.8679 Z�Z. _, 6.78 15 .Z _, , "_IBL

0._ _ .7963 318 .G 6,76 15 .Z a. _165

55.0 0.7157 3_,5 • 0 6.7.. 10 .2 J. _ 152

70.0 0.6838 3r1 .(, 6.73 10 .2 {t . 01*.1

75.0 0.6387 397._ 6.71 1,3.2 ._. _I]Z

80.0 0.5993 _Z3.G 6.70 10 .2 _.C1_3

90.0 0.5_35 *75.0 6.69 1Q .Z _.011J

100.0 0.4808 527.0 6.67 10 ,1 _ .Q 0988

ZZ 5.0 0.385b 658. Q 6.65 1_ .1 0 • _791

150.0 Q .3ZZO 787.0 5.6_ I0 .1 G. _5660

175.0 0.276*. 917,0 6.63 10.1 0.00566

ZOO.O 0.2,Z1 1_5u .0 6.62 10 .1 _. +Q_96

2.!5.0 0.215_ 1180.0 6.61 10 .1 G. 00.._ 1

255.0 0.1_1.0 1310.0 6,61 1_,.1 0.0J397

_75*0 0.176N 1_,_0 . 0 6.61 15.1 5.00362

30 5 ._. 0.151 B 157(; • Q 6,6& 1G .(, O. 50332

35 0,0 0,1388 1830 •0 6.60 10.0 O, 5028_

*JS.Q :'.1215 Z595.0 6.59 10.0 _.5_'.9

_50.0 0.1081 2350.0 6,59 10.0 5,JO2Z1

500.0 0.09730 ZbOO.G 6.59 10,G 0.00199

b00,0 0.08112 31Z0.3 6,59 10 .0 &.00166

700,0 0,06956 36*.0.0 6,.59 10 .G C.00193

800.0 0,55088 *.160.0 6.58 10.0 U.00125

900,0 0.05W13 46B_,0 6.58 1a.0 0,50111

1_00.0 {_.0_872 5250.0 6.58 10.0 0.05105
1105.0 0 .Ok*30 _720. _ 6.58 10 • 0 0.50 r_95 B

1750.0 0.0*061 6Z*.0. Q 6.58 la,C ,J.¢00832

1300.0 0.03799 6760,0 6,58 10 ,0 Q. 000768

1..00 .,] 0 . 03q. 8Z 7280.5 0.58 1J .6 O. _(.071..

1510.0 0.03250 7850 . 0 6,58 10.0 _ • OO 0666

" TWO-PHASE BOUNDARY

"+ NUMBERS IN THIS COLUMN HAVE B_EN MULTIPLIED BY THE INDICATEC FACTOR

!7

THERMAL VISCOSITY THERMAL

CONDUCTIVITY DIFFUSIVITY

MW/CM-K G/CM°S SQ-CM/S

_ X 1C00003

DIELECTRIC

CONSTANT
PRANDTL

NUMBER

).189 58.2 9.O&_TW2 1.06_62 G.908

a.zQ8 56,6 C.0COE72 1.05996 0.529

9.Z23 53.6 C.O00EI6 1.05898 0.557

_.237 50._ 0.0_57_ 1.C5768 0.577

_.Z_9 _7.1 0.00_52_ I._9605 0.6_

0.258 _w.O 0.0G0_79 1._5,05 0.6_0

0.Z60 _3._ 0.00_71 1.05359 0.6_7

J.ZE1 _Z.8 _._C_M67 1.05313 0.6_0

0.262 _2.3 0.00_66 1._526_ 0.6_8

0.2b* .I.8 _*C00_62 1.05223 0.55Z

3.2_5 *.1.* 0._58 1.J5177 0.656

3._b_ _.9 _.0_J_53 1.05129 0.662

0.267 _0._ _._00_7 1.05080 0.668

0.267 _0.0 O.OuG_2 1.05630 0.676

O.2bB 39.5 _.0_5_36 1.Q*970 Q.BB*.
3.Zb8 _9.1 0.000_3_ 1.C,92_ _.69..

0.269 31.1 0.0&0397 1._,E35 0.757

0.266 35.3 0.000_65 1.0,303 0.8_

0.262 3_.7 O.Od_l I._3930 0.9NI

_.256 32.4 _.00G_3_ 1.03535 1.03

5._55 31.5 G.0C0351 1.03153 1.06

0.2*.* 31._ _.G_5_91 1._2819 1.05

_.Z*I 30.8 _._O&_5 1._25_5 1.01

0.2_5 30.8 0.0005_ 1.02326 0.980

0.Z41 31._ _.000633 1.01991 0.923

O.Z_+ J1.9 J.0_77_ 1.017_9 0.882

Q.Z56 32.7 G.0_17 Io01597 0.852

0.256 33.6 0.001_7 1.01_08 0.83&

0.2b3 3_.5 G.00123 1.01287 0.813

J._E9 35.5 _._0139 1.G1187 0.798

_.27_ 36.5 _._01_6 i*011_3 0.787

_.2_3 37.5 _.0017N 1.01031 0.777

_.Z�_ 38._ b._l�Z 1._J968 0.769

J.297 39._ 0.0021_ 1.Q_913 0.76Z

0.3_3 _0._ O.00Z_ 1.S_865 0.756

0.31J _1.9 _._Z_9 1.90822 0.752

0._17 _2.3 _.0_268 1.0_783 0.7_8

0.32_ _3.3 0.002_9 1.0u7,_ 0.7_

0.33_ **.2 _*00319 I._0716 0.7_1

0.337 _5._ 0._33_ 1._687 0.739

).35_ _7.0 _._37, 1.93636 0.73_

5.363 _8.8 C.0_19 1._0592 G.731

J.376 S_.b U.0_,66 I._J55W 0.728

0.388 5Z._ b.00514 1.03521 0.725

a._CO 5_.I 0._15 1.0J_91 0.723

]._13 55.8 _.JL_l_ I._465 0.721

0._5 57.* 0.0067C 1.00_2 G.720

5.w5* _1.5 _.OCdl_ 1.50393 0.716

0.*83 65.3 0.00961 1._39_ 0.713

0.51Z _9.1 0.011_ 1._J0Z2 0.710

0.939 72.7 _.0129 1.0_295 0.7C7

a.5_7 76.2 0.51_7 1.0_273 0.705

0.593 79.7 0.016E 1._Z53 0.7C3

0.6_ 83.1 _._18E 1.03237 _.7C0

0.6*5 d6.3 0.020_ 1.00222 0.698

0.696 92.7 3._25_ 1.0_198 0.69_

a.746 98._ 5.0298 I._J178 0.691

_.865 11_._ _.0,31 I._I_3 0.673
3.977 126.0 C.OSB_ I.GJ119 0.670

1.08 139.0 0.0755 I.G_192 0.667

1.19 15Z.0 0.09_3 I._I090 0.666

1.28 lb*..O _.115 I._80 _.666

1.38 177._ G.137 1.03_72 0.666

1.*.7 188.C 0.165 1._J_65 0.667

1.95 2_&._ 0.1_5 1.0J_6_ 0.668

1.73 _ZZ.U O.Z0q 1.0_&51 0.668

1.89 2_3.G 0.301 1.0_.5 0.667

_.05 265.0 0.366 1.000,0 0.667

Z.21 28..0 0._37 I.C_036 0.667

2.51 3Z_.O _.596 1.03_30 0.667

2.8_ 359._ 0.77* 1.00226 0.667
3.07 39_._ 0.972 1.0_0_3 0.666

3.3_ _29.0 1.19 1.00u2I 0.666

3.6_ _62.0 1.42 1.0a018 0.666

3.85 _94.0 1.67 I._3016 0.666

_.1_ 525.0 1.9_ 1._3015 0.666

_.3.. 556.j 2._3 1o0.01_ 0.666

_.57 586.0 2.53 1.00_13 0.666

*.80 616.0 2.85 1._012 0.666



11.0 ATMOSPHERE ISOBAR

TRERMOCYNAMIC PROPERTIES OF HELIUM

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALOY ENTROPY CV

CC/G DERIVATIVE DERIVATIVE ENERGY

DEC, K "* X ,01 CC-ATM/G ATMIK JIG JIG JIG-K

I 2.054 0.061R7
2.5 0.06175 908.0 2.29 3,638 10*E_ 1.713 I.RgW

3,0 0.06238 8RE.O 3,51 R.353 11.31 2.015 1.7R6
3-5 0.06333 765.0 R.39 5.228 12,29 2,_?7 1.971

h.0 0.06466 679.0 4,93 6.266 13.R? 2,6RB 2,059

W.8 0,066W0 591,0 5.16 7,502 14,90 2.98R 2.21R

5.0 0,06864 505.0 5,13 8.9A8 16.FR 7.3R2 2.40R

5.1 0°06917 490.0 5.%1 9,321 17.03 3.R17 2.441

5.2 0.06972 478.0 5.08 9.669 17,hW 3.493 2.456

5,3 0,07025 463,0 5.04 10.00 17,83 3,566 2.434

6.k 0.07080 448-0 $.00 10.33 18,22 3,639 2.#38

8,5 0,07137 W33.0 w.g5 10,67 18.62 3.713 2.444

5.6 0.07196 R18.0 W,gO 11.01 19o23 7.787 2.R51

5.7 0.07258 W03.0 _.85 11.36 t9,_5 3.8(1 2.WSq

5.0 0.07323 389.0 4,80 11.71 19,87 _.036 2.REg

8.9 0,07_91 375.0 R,IW 12.07 20,_] _.011 2°R80

6.0 0.07461 361.0 _,68 12,W_ 20.76 &,087 2,407

6.5 0._1067 297.0 w.3W 1_.41 23.18 _.475 2.562

7.0 0.08381 2R1.0 3.96 16,60 25,_4 R,887 2,643
7.5 0.09042 197.0 3.55 19.0_ 29.12 5,327 2,729

8.0 0.09882 167.0 3,lR 21°72 32.7_ 5.746 2,816

8.5 0.$091 182-0 2.7W 2_.57 36.73 6°281 ?.896

9.0 0.1208 1R9.0 2.WE 27._E WO.92 _.7_2 ?,962

9,8 0.1332 15_.0 2.11 30,28 W5.13 7.21_ 3.013

10.0 0.1W57 165,0 1.88 32*qE _q.19 7.636 3.0w7

11.0 0.16_E 185.0 1,54 37.59 56._g 8.33_ 3.066

12,0 0,1932 208,0 1.31 R1,83 63.36 B.q3w 3.079

13.0 0.Z16_ ?32-0 t._W _8.02 69.93 9,462 3.091

14,0 0.23_2 2_7.0 1.02 49.64 76.30 9.935 3,102

15.0 0.2610 282.0 0.q21 53.35 82.52 10.36 3,112

16,0 0,28_0 308.0 O.B_O _7.0_ 58.71 l£.76 3.120

17.0 0,3058 333.0 0,772 60.68 9W.ll 11.13 3.127

18.0 0.3273 359.0 0,715 64.25 I00.7 II,R7 3.131

19.0 0.3_6 38_.0 0.667 67.76 10E,E 11.79 3.13_

20.0 0,_696 W08.0 0.62_ 71.23 112.4 12,09 3,137

21,0 0.39_ 433.0 0.5_8 7W.67 118,2 12,37 3.138

2_*0 0.4110 _57.0 0.55_ 78*07 123.g 12.63 3.139

23,0 O.W3IR _81,0 0,526 81._5 129,5 I?,80 _,140

2W.O 0.W517 _05-0 0.50C BW.80 135°1 13,17 3.1_1
25.0 0.4718 52_.0 0._77 88,1_ 140,7 13._5 3.143

26.0 0.W918 551,0 0.R55 gl,qE 1R6.3 13.57 3.1_1
28.0 0,5316 697.0 O.W]8 g8.05 157.3 13.98 3.141

30.0 0.5710 643.0 3.387 104.6 168.2 1_.]6 _.14_

32,0 0.6101 688o0 0,360 111,1 179.1 I_.71 3.130

3R.0 0o64_0 732.0 0.]37 117,6 %_g,_ 16.03 3.139

36,0 0.6877 776.0 0.317 12R.O 209.7 15.3_ 3,138

38.0 0.7262 820.0 0.29_ 130.4 211._ 15.63 3.137

W_,0 &.7646 863.0 0.283 136.8 222,I 15.91 3.136

45,0 0.0601 _71.0 0,250 162.8 ?_8,7 16.53 3.13_

50.0 0.9551 1900.0 0.224 168.7 275.1 17.09 3.13_

55.0 1.050 1100.0 3.203 18_,5 _01.5 17.59 3.131
60.0 1°1_W 1290.0 0.165 200.3 327.0 le.0E 3,130

65.0 1°23d I_90.0 0.171 216,0 35R.0 18.R7 3.129

70,0 1°332 1500.0 0.158 231,7 350.2 18.86 3.128

75.0 1.W26 1600,0 0.1_8 247,W _0E._ 19.22 3.127

80.0 1.520 1700.0 0.138 263.1 _32.E 19.56 3.126

90.0 1.707 1915.0 0.123 29W._ _0_.7 20.17 3.12_

tO&.O 1.89_ 0120.0 0.110 325.8 536.8 2(,72 _.12_

125.0 2,360 2630.0 0.0801 403,9 _67.0 21.88 3.12_

150.0 2._26 3140.0 0.0733 #82-0 797.0 22.83 3.121

175,0 3.292 3660.0 _,0628 560.0 927.0 23.63 3.120

200.0 3.75_ _170.0 0.0550 638,0 1057,0 ?_.32 3,120

225.0 #,22_ WEBO.O 3.0489 716.0 1187.C 24.9R 3,119

250,0 _.600 5190,0 0.0_40 703.g 1_17._ 2_.W8 3.119

275.0 5.155 5700.0 0.0_00 _71.8 1_6.0 28.08 _.119

300.0 6o621 6220.0 0.0366 _g.8 1576.0 26._3 3.11q
350.0 5.552 7240.0 0.031W 110b.0 1836.0 _7.23 3.118

400°0 2.R83 8260.0 0.C275 1261.0 2C96.0 27,g2 3.118

450.0 8.415 9290.0 0,02_ IW17.0 2355.0 _.5_ _.118

500,0 9,3W6 10300.0 0.0220 1573.0 2615.0 _q. Q5 3.11_

600.0 11.21 12WO0.O 0,0183 1885.0 3134.0 30.0_ 3.117

700.0 13.07 1RWG0.0 0,0157 2196.0 ]653.0 _0.83 3.117

800.0 14.93 16500.0 O.CI?7 2508.0 q173.0 31,52 3.117

400.0 16,80 10500-0 0.0022 2820-0 REg?-g 37.14 _.117

1000,0 18.66 20500.0 0,0110 3131.0 5711.3 32.58 3.117

1100.0 20.52 22600.0 0.0100 3W_3.0 5730.0 33.18 3.117

1200.0 22,30 2_600.0 0.00916 77_5,0 6250.5 13.63 3,117

1300-0 2R.25 26700-0 O.OOPW6 _066.0 6760.0 3q.05 3.11/

1RO0.O _6.11 28700.0 0*00785 6378.0 7258.0 3_.43 3°117

1800,0 27,_8 30800.0 0,00733 W6_.0 7807.0 3_.7a 3.117

J/G-K

CP

1.550

1.919

2.278

2.666

3.12R

3.650

3.757

3,839

3.889

3.968

W.052

4.1_1

_.23R

R.332

W.R3R

5.150

5.881

6.700

7._73

7,982

8.109

?,94_

7.655

7*160

6._23

6.5?6

6.392

6.2R8

6.118

6.011

5.920

5.779

5.7_

5.676

5.63_

5.597

5.565

5.537

8._80

5,R49

5.R18

5.391

5.369

5.350

5.33_

5.303

6.281
5.265

5.252

5.2_3

5.235

5.229

5,22_

6,216

5.211

5.203

5.100

5,197

5.196

5.195

5.194

5.]94
5.193

5.193

5.193

5.158

5.193

5.193

5.193

5.193

8.193

8.193

5.1q3

5.193

5.193

5.193

5*193

VELOCITY

OF SOUN_

M/S

308.9

306.9
3C3.2

298._
290.5

278.8

_?6,k

275.0

273.7

271.7

269.6

267._

?65.2

263.0

260o6

258.3

2R5-9

233.3
221.5

217.0

205.8

203,1

203.2

20R.9

209.R

215.9

223.5

231._

239.5

2R7.2

25R,8

262,1
269.2

276ol
202°8

289.3

295.7

301,9

307,9

313.8

325,?

336,2

_R6.7

]56.9

366.8

376oR

_85.7

_07.Q

428,9

_67,8

486.1

503°7

520.E

537.0

56_.?

698._

666,_

728.3

705._

83_.{

8P8.E

535.9

981.0

102_.0

1105.0

1181.0

1252.0

1319.0

1559.C

1666.0

1767.Q

1862.0

1_53.C

20_0.0

2123.0

?203.0

2280,0

" TW0-PHOSE _0UNOARY
_= NUMBERS IN THIS COLUMN HAVE 9EEN MULTIPLIED ;_Y TH[ INDICATF0 FACTOR



THERMOPMYSICAL PROPERTIES OF HELIUM H

11,Q ATMOSPHERE ISOBAR

TEMPERATURE OENSITY VIDH/CVIp V(ORIOU_

OEG*K G/CC JIG ATM-CC/J

"_ K 10E

* Z.05W 16,27

2.5 16,19 130._ 9.WW

3,0 16.03 7W.I 12.6

3,5 15,79 62.5 14.5

4.0 15.WT 56.8 15.5

W.5 15.05 53.9 15,5

5.0 14.57 52.3 14.7

5.1 14o46 52.1 14.5

5.Z 14.34 51.8 14.4

5.3 14.Z_ 50.8 14.5

S.w 14.13 50,2 14.5

5.5 14.01 kB.S 14.5

$°5 13.90 49.0 14,4

5.7 13.?_ 48,5 14.3

5.8 13.65 48,0 14.2

5.9 13.53 47.5 14.1

6.0 13.40 47.0 LR.0

6.5 12.7L _.8 13.3

7.0 11.93 42.S 12.6

7.5 11.05 41.? 11.fi

8.0 10.12 4_.3 11.0
8.5 9.158 40.4 10.3

9.0 _.2_1 41.5 9.78
9.5 7.506 43.5 9.34

10.0 6._4 46.1 _.gB

ti.O 5._95 50._ _.51

12.0 5.1T7 56,0 _.21

13.0 4.62? 61,5 _.01

lk.O 4,1B0 67.? 7.86

15.0 3._?0 T3.0 7.75

16.0 3.571 78.9 7.64

17.0 3.2?0 84.8 7,55

18.g 3.055 90.7 7.48

1%0 Z.B59 96.5 7.41

2_.0 2.706 102.0 7.36

21.0 ?.562 108,0 7,31

72.0 2.433 114.0 7.76

23.6 2,31_ lt9.Q 7.23

?_.0 B.?tw 125.0 7.19

?5.0 ?.120 131.0 7.16

26.0 ?.013 136.0 7.13

?_.0 1._1 147.0 7.08

_0.0 1.751 159._ 7.04

37.O 1.63q 169.Q 7.00

34.0 1,5_1 180.5 o.97

36.0 1*454 191.0 6,94

35.0 1,377 ZQ?.; 6.92

40.0 1.3_B Zt3.G 6,96

_5.0 1.L63 ?WO.. 6.56

50.0 1._47 _66.0 6.82

55.0 0.9_b 293.0 6.80

_3.D 0.8741 319.D 6.77

BB*@ 0._077 ]45._ 6.76
7G.O C.7501 371.Q 6.7w

75.0 0.7013 398,0 6.73

qO.O Q.6_81 47_.; 6.77

_0.0 0.5B59 476.0 6.70

100.0 0.BZBi 5Z8.0 6.66

IZ5,0 0,4Z37 658,0 6,66

150.b 0.9538 76_._ 6.64

1?5,0 0.30]7 91d.0 6.63

230.0 0.2561 I050,_ 6.62

?Z6.3 O.Z368 1180.0 6.67

Z50.U 0.?13Z 1310.0 6.61

Z75.0 0.L_40 1440.0 6.61

300.0 0.L?79 _570,g 6.60

3_3.0 &.IBZB 1_]0._ 6.60
430.0 0.1136 Z090*G 6.60

450.0 0,1188 2360.0 6.59

5.0.0 0.1070 2610._ 6.59

633.0 O.oqqB2 31ZG._ o.5q

730,0 0.07550 3640._ 6.59

_;0.0 0.;B696 4160._ 6.58

933.Q D.05953 4680.0 6.58

IOO_.Q 0.0)359 5233.0 6.5_

tlJO.O 0,0487Z B7_O*Q 6.58

1200.0 0.0446? 6240.0 6.5_

X33Q*_ 0,0W124 6760.0 6.55

143U,0 0.03_30 7_80.0 6.58

1500.0 0.03575 7_Ou._ 6.58

-VIDP/OV) T IDVIDT_/V THERMAL VISCOSITY THERMALCONOUCIIVITY DIFFUSIVIIY

AIM IlDEG,K HWICM-K GICH-S SQ-CM/S

"" X 10&OO@_

DIELECTRIC

CCNSTANT

PRANOTL

NUMBER

147,0 3._155 0.191 60.3 3.0_076_ 1.96106 0.490

135.0 3.0B59 _,Zl1 58,5 0._685 1,06_43 0.933

121.Q _,_363 O.BZ6 55.4 _.0_G_28 1.05950 0*558

105.0 0.0_70 O.ZRO 5Z,_ 3,0005_3 1.95826 0.577

89.0 _,05_0 0._53 _.6 0.00_537 1,05671 0.601

73.6 _._697 0,763 45.5 0.G&349_ I,_5482 0.632

70.8 0,_7Z1 3,Z64 _4.9 0.000487 1.35440 0.638

68*5 0.07_1 0*?66 44.3 0._u_483 1.05396 0.640

65,9 0.u765 0*?67 _3._ 0.00_483 1.05_55 0°637

63._ _.0790 0.Z69 43.3 O,OOJ_7B 1.05313 0.639

60.6 _.0817 O.Z70 4Z.8 _.000476 1.05Z70 G.6_Z

58.1 0.0844 0.271 4Z.3 _,_0471 I,_52?S 0,6_6

55.6 0._873 O.Z7Z 41.8 0.g00_67 1.05180 0.650

53.1 0o09_3 3.Z73 RI,_ 3,0_3_62 1.05134 0.656

5_,? 0.0934 0.?74 40.9 :.Q_457 1._50_6 0.662
4S.4 0,_966 _,_75 40.6 3,0_0451 I._5_37 0*670

37,7 _,115 9.276 38.5 0.030_2? 1.0_774 0.718

28,8 _,13_ 0.275 36*7 0._06392 1.04477 0.766

21.8 0.163 0.272 35,2 _.3_0367 1,0_145 0.867

16.9 0,185 _.Z67 33.9 0.000353 1.037_9 0.948

13.9 J.197 _.761 32,9 _.00;357 1.034Z9 1*06

12.3 U.IBB _.256 32,2 0,30_381 I._3094 1.02

11.b 0,1_? 0.?5? 31.9 0._00_72 1.02803 1.01

11.3 0.166 0.Z49 31._ 0.000474 1.02561 0.975

10.9 0.141 0.Z49 3_.d 0*0_5589 1.0_197 0.9Z4

10.8 0.172 0.251 32,6 J.00_712 1.01927 0,886

10.7 _.1_7 0.256 33,4 _,00384Z 1._1720 0.857

10.7 C,0951 0.20? 34.Z 0.0_979 1,01555 0,636

10.B _.0856 0.?6_ _5,1 0,0_11Z 1.01470 0.819

10.8 0*_775 0.274 36.0 C.00127 1.013_9 G.804

10.9 _.3709 0.280 36,9 0*00143 1.01215 0*792

11._ Q.0653 3.287 37.9 6,Q_159 1,01135 0.782

11.0 &.0606 3.294 38.9 0.00175 1*01_65 0.?74

11.t 0._565 9.3_0 Z_*fi 0.00192 1.91005 0.766

11.1 0._53_ 0.367 _C.$ 0,0_2_9 I.C_951 0.760

11,1 _,_39 0.314 41.7 0.002?7 1.00903 0.755

11.2 0._72 0.320 4?.7 0._145 1.03_60 0.751

11,? u,_447 0.3?7 43.6 0.002_ 1.3382? 0.747

11,2 J,_426 0.333 44,6 _*00283 1,e]7_7 0.744

11,2 G._4_ 0.3_3 _5.5 _*0_3_? 1.0)754 0.741

11,2 C,0377 0.353 _7.3 0.0_34? 1._3698 0.736

_1.3 3.0344 0,365 _9,1 0.003_3 1*0J650 0.733

11.3 _.0320 0.378 50.9 _.00426 1.0_oC8 0.729

11,3 _,_799 0,3% 5?.6 U*00476 1,03571 O*?Z7

11.3 0,0261 _,4_3 54,3 C*0_516 %.b3539 0,724

11.3 _._Z65 J,_15 56.0 G*_0563 1.0_511 0*722

11,3 u,0?51 0.4?7 $?.7 _*03612 1.3J485 0.721

11,3 0,_?71 0.456 61.7 0,G074_ 1._3_31 0.717

11.3 _._19_ 0.485 _5.5 J.0_77 1,_38_ 0.713

11.3 _._183 _.513 69.3 3.01G2 1._353 0.710

11.3 _._165 J*541 7?.9 O.blle 1.3_37_ 0.7{B
11.2 0.015_ 3.568 76.4 0._134 1.0_79_ 0.70_

11.? ..JL_I 0.695 79._ 0.0151 1,3J27_ 0,7_$

11.2 0.0131 0.6Z1 _3.? 0.0169 1.03Z60 _,701

11.? 3._123 _.647 _6.5 u._1_ 1._3?44 0.6_8

11.2 0.311_ _.69_ 92._ ).072_ I._0217 0.694

11.2 0*_09_7 J.?47 9_.1 _.0772 I*_196 0.691

11.1 .._0790 0.866 111o_ J*0393 I*_157 _,673

11.1 C._ubBJ _.97_ 126,_ v.05_2 1.00131 0.670

11*t _.]056_ 1.09 139._ _,06_T 1,00112 0.667

11.1 0,00496 1.19 15_.C 0.0_5_ 1,03099 0*666

11.1 _*_41 1,?_ lb5._ 3,1_ I._:_ 0.666

_1.1 _.J_3_7 1.]8 177._ 3,1Z_ I._079 0.666
_1.1 u.09361 1._7 1_._ _.146 1.0J_72 _.667

11.1 0,_331 1,55 200,0 3.165 1.3J_66 0.668

11._ _.00284 1.73 ?22,0 _,71_ 1.u_357 0*668

_1.u u*J0249 1.q9 2_3.3 0,?73 I*03049 0.667

11._ 0.00ZZ1 Z._5 ?64._ _,333 1.3_4 0.667

11.0 0._199 2,_1 2_,0 _,39_ i*0J_45 0.667

11,_ 0,u0166 Z.51 32?,0 0.54_ 1.03333 0,667

11.0 _._01_3 _°8I 359,_ _,l_ 1.03_2_ 0.667

11,0 _.00126 3.07 33_,_ _._ i*_3_25 0.6B6

11,_ C.001_1 3,34 _ZB._ 1,08 1,00_2? 0.666

11.0 _._01_3 3.60 4_?.0 I.Z9 i._J_73 0.666

11._ u._O_q_ ].85 4_._ 1,52 1,30_1_ 0.666

11._ 0.J_3_32 _.i_ 525,0 1,77 I*0J_17 0.666

11,b C.OOC?6_ 4.3_ 556°G 2.03 I.C_15 0.666

11.0 _*_713 4.57 5_6,0 Z,3_ I._14 0.666

11,0 C,_6Bb _._ 616.3 2,59 1.0J013 0.666

• T WO-PHASE BOUNDA_ Y

• i NUM_-RS IN T4IS ]OLJHN HAVE IIE_N HULTIPLIE{_ BY THE INOICAT_O FACIO_



THERMOOYNAMIC PROPERTIES OF HELIUM 4
12.0 ATMOSPHERE 1509AR

TEMPERATURE VOLUHE ISOTHERM I50CHCRE INTERNAL ENTHALPY ENTROPY

CC/$ DERIVATIVE DERIVATIVE ENERGY

DEC. K _o X .01 CC'ATN/G ATM/K J/C JiG J/G-K

" 2.041 0.06107

2.5 0,06133 943°0 2,25 3,650 11,11 1.698

3.0 0,05192 883.0 3,50 4.347 11,88 1.995

3.5 0,06282 80_,0 _,41 5.200 12.84 2.302

4.0 0.0640? 718.0 _.99 6,212 14.00 2,617

4.5 0,06569 632.0 5,24 ?,415 15.40 2,947

5°0 0o06?77 5_7°0 5,24 8,860 17,10 3.297

5-1 0.06825 531,0 5,22 9,183 17.43 3.369

5.2 0.06876 519.0 5.20 9,521 17.88 3,443

5.3 0,0692_ SO_,O 5,16 9,038 18°26 3.514

5,4 Q.06974 489,0 5,12 lg.16 18,64 3,585

5.5 0.07026 _7_.0 5,08 10,48 19.03 3°657

5,6 0.0?080 459,0 5o0_ 10,01 19.42 3-?28

5.7 0.07136 4_5.0 4.99 11,15 19.83 3°800

5.8 0.07%94 _31,0 _.94 11.49 20°24 3.872

5°9 0.07255 _17.0 _o_9 11.8_ 20°66 3°54_

E.O 0._7318 _03.0 _,83 12.19 21.09 4.917

6.5 0.07675 338.0 _.53 14.07 23,40 4.389

7.6 0,08118 281o0 _,17 16°1_ 26,01 4°777

7.5 0.08672 233-0 3.79 10.42 2n.97 5.107

8,0 0,09_64 196,0 3,40 20,92 32,31 5°620

8.5 0,1021 176,0 3.02 23.60 36,01 BOO?2

9°0 0-1119 166.0 _-67 26.3? 39.98 6.527

9.5 0.1236 166o0 2,36 29,15 _4,06 6,969

10.0 0.1338 173,0 2.11 31.85 48.12 7,387

11.0 0°1557 193.0 1,72 36.E8 55,E0 8o104

12-0 0.17_9 21_.0 1.46 40.99 62.80 8.?07

13.0 0.1980 236°0 1.27 45.04 69.12 9.238
1_.0 0,2159 260.0 1,13 _8,91 75,53 q,714

lY,0 0°23_6 284,0 1,02 52.66 81o80 10,19

16.0 0.2601 310,0 0,_29 56,41 88°03 10.55

17.0 0.28_2 335,0 0.653 60.00 94.15 10,92
18.0 0,30_0 360.0 0.789 63,68 100o2 11,_6

19.0 C,]196 _86.0 0.?35 67.23 106,1 11,58

20.0 0,33_0 410,0 0.688 70.73 111.9 11,89

21,0 0.3581 435.0 O.E_7 74,19 117,? 12,17

22.0 0.3771 459.0 Q,610 77,62 123°5 12,_3

23.0 0,3959 483.0 0,578 81.02 129,2 12,69

24,0 0._1_6 907.0 0.5_9 8_°40 134,_ 12.93

25.0 0._332 531o0 0.523 87.?5 140.k 13.16

26.0 0._516 554,0 0°500 91°09 1_6,0 13,38

28,0 0°4882 600.0 0.459 97.71 157.1 13.79

30.0 0.9245 6_6.0 0._24 104.3 168.1 14°16
32.0 0.5609 691,0 G.395 110.8 179,0 14.52

34.0 0,9963 736.0 0.369 117,3 189,0 14.85

_E.O 0,6310 780°0 0,3_7 123o8 200.6 15.L5

30,0 0,66?3 82_.0 0,327 130.2 211,3 19.4_

40.0 0.7025 867.0 0°309 136.6 222.1 15.72

_5.0 0.7903 9?5.0 0,273 152.6 248°7 IE.3_

50.0 0.8?75 1030.0 0.24_ 160.5 275.2 16,91

55°0 Q.96_3 1190.0 0.221 184.3 301°6 17.41

60.0 1.051 1290.0 0,202 200.1 327,9 17.87

65,0 1.137 1400.0 0.186 215.9 3_4.2 18°29

70o0 1,223 1500o0 0°173 231.6 380,4 18.68

75.0 1.309 1_10,0 0°1_1 24?o4 406,6 19°0_

80.0 1.399 1710.0 0.151 263,1 432,7 19.37

90.0 1,567 1920o0 0o13_ 294°4 484,9 19o99

100o0 1.738 2120,0 0.120 3_9.7 537,1 20,94

125o0 2.166 2640.0 0.0961 _03,9 667.3 21.70

150.0 2.593 3150.0 O.CSOO 482.0 797°3 22°65

175.0 3.021 3660,D 0.0686 560,0 927.3 23.4_

200°0 3._47 4_70.0 0.0600 630.0 1057.0 24.14

225.0 3.874 4690.0 O,0533 716.0 1187.9 24,?6

250.0 4,301 5200.0 0,0480 793,9 1317.0 25.30

27_.0 _,728 5710,0 0.0436 871,9 1_47.0 25.80

300.0 5.1_5 6220.0 0,0400 949°8 1577,0 26,25

350.0 6.0_9 7290.0 0.0343 1106.0 1836,0 27.09

400,0 6.862 8270,0 0°0300 1262,0 2096,0 2?°74

450,0 7,71_ 929_.0 0,0267 1417,0 2356.0 28.36

500.0 8.97_ 10300,0 0,0240 1573,0 2615.0 28.90

60_.0 10.26 12_00.0 0.0200 1885.0 3134,0 29.85

700o0 11.98 1_00.0 0.0171 2196.0 3654.0 30.65

806,0 13.69 165Q0.0 0,0190 2908.0 4173,_ 31.34

90&.O 15.40 18560°0 0,0133 2820.0 _692,0 31,96
1000.0 17,11 20600.0 0.0120 3131.0 5211,0 32°90

1100.0 18.82 22600.0 0.0109 3443.Q 5731.0 33°00

1200°0 20,52 2_700,0 0,0100 3755.0 6290,9 33,4_

1300.0 22._ 26700°0 0,00923 4066°0 6769°0 33,86

1400.0 23°_4 28800,0 0,00857 43?8.0 7_88.0 34.25

1500.0 25.65 3_00,0 0.00_00 4689.0 7808.0 34,61

CV

1°458

1.729

1.q03
2,042

2.202
2.389

2.425

2.441

2,419

2.423

2,W28

2.435

2,444

2,453

2°46_

2.476

2.543

2.620

2.702

2°753

2.860

2,928

2.983

3,025

3.058

3.073

3.086

3.098

3,109

3,119

3.126

3.131

3,135

3.138

3-140

3.141

3,142

3.142

3,1k3

3°1W3

3.142

3,142

3.141
3.140

3.140

3,139
3.138

3.136

3.134

3,132

3.131

3,130

3,129

3.128

3.127

3,1_6

3,1_5

3.123

3,122
3.1Z1

3,120

3,120

3.119

3.119
3.119

3.118

3.118

3.118

3.110

3.118

3-117

3,117

3.117

3.117

3.117

3.117
3.117

3.117

3.117

JIG-K

OP

1.519

1*891

2.242

2*618

3.059

3.559

3,660

3*737

3°779

3.851
3.92?

4.00?

4.091

4.170

_,269

4,364

_.696

5,523

6,225

6.935

?.510
?.816

7.030

?.668
?-193

6,865

6.626

6.446

6,304

6,173

6.062

5,969

5.890

5.622

_.763

S,?lZ

5.668

5.629

5.594

9.564

5.512

5._70

5. k36

5._08

5.384

5.364

5,346

5.313
5.289

5,271

5,257

5.247

5,239

5,232

5,227

5.210

5.213

5,204

5.200

5.197

5,196

5.195

9.194

5.194

5.193

5,193

5.193

_.193

5.193

5.193

5,193

5.193

5.193

5.193

5.193

5,193

5.193

5.193

5.193

VELOCITY

OF SOUND

M/$

31_.5

312.7

309.7

298.1

287.2

205,8

283.7

282,5

280,6

278.7
2_6.7

274*7

272.6

270.k
268.2

2Y6,?

2_4.8

233.k

223.5

216,2

211,9

210.k

211.1

214._
220.0

225.7

23_,1

241,7

249.3

256.6

263.9

270.9

277.7

284.4

290.9

297°2

303.3
309,4

319.2

326.6

33_°6

348.1

358,3

368.1

377.6

386,q

k0q. t

430.1

4SO,O

468,9

487,2

SOk.7

521.6

530.0

_69°3

_98.9

667,2

729,0

?86.0

039-2

889,1

936,4

981,S

1025.0

1106,0

1181.0

12_2.0

1319,0

1960.0

1667.0

1767.0

1863.0

1953.0

2040,0

2123.0

2203,0

2280,0

TW0-PHASE BOUNDARY

_ NUHBERS IN THIS COLUMN HAVE BEEN MULTIPLIED BY THE INDICATED FACTOR
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THERMOPHYSICALPROPERTIESOF HELIUM W

12,0 ATMOSPHERE ISOBAR

TEMPERATURE OENSITT VIDHIOV) VIDP/OU) -V(DP/DV) T (DV/OT|/V
p v p

O(G*K G#_C JIG ATM-CC/J ATH I/OEG,K

m_ X 100

Z,041 16.38

Z.S 16,31 104,0 9*;Z 15;*0 0,01;7

3,0 16.10 76.9 12.6 1;3,0 0.02;6

3,5 15*92 65.0 1;.6 128.0 0.03;5

6,0 15.61 50.9 18,6 11Z*0 0.0;45

4,S 15.22 $6,1 15.6 96.1 0,05;5

S.0 14.70 56,7 1;,9 80.6 0,0650

5,1 14.65 S4.0 1_.7 77.8 0.0671

5.2 14,56 5;,3 lk.6 75.5 0.0688

5,3 14.;_ 53.3 1;.8 72.6 =,0709

S.4 14.34 52,7 1;.7 70,2 0*073L

5.5 14o23 52.1 1;*? 67.5 0,0753

$,6 14.12 51.6 1;,6 6;.9 0,07?6

5,7 1;o01 51.1 1;,6 62,; 0.0801

5.8 13.90 50.6 1;.5 59.9 0.0826

5,9 13,78 50.1 1;*; 57.; G*0851

6.0 13.68 4g.r 1W.3 55.0 0.0878

6.8 13.03 47*6 13.7 _*0 0*163

7.0 12.3Z 48.7 12,q 3W*6 0.121

7,5 11,53 44*2 12.2 26.9 0.1;1

6.0 10*68 43.1 11.4 21,1 0,161

8,$ 9*?97 ;2,8 10,8 17,2 0.175

g*O 8.939 43.5 10,Z 1;.8 Q.1BO

9,S 8,156 45.G 9.71 13,6 0,17;

10,8 ?,kT; 47,2 9.32 13.0 0,163

11,0 6,;25 51.9 8.75 12.4 0.139
12,0 5,651 56.6 8.;0 12.1 _.12L

13,0 5,0W9 62.1 8.16 11.9 O.LQ?

14.0 4,508 67,6 7.99 11.9 0,0953

15.0 ;*1T3 73,3 ?,86 11.9 0.0860

16,0 3.865 79,2 ?.75 LI,9 0.3780

17.0 3.869 85.0 7.65 12.0 0.0713

18,0 3,333 90,9 7.56 12,0 0.0657

19,0 3,%2q 96,7 7.49 12,1 6,0609

20,0 2.950 102.0 ?.43 12,1 0.0568

21*0 2.792 108.0 7,38 12,1 0,0532

22,0 2,652 %1;.0 7.33 12,2 0.0501

23*0 2.526 120.0 7,28 12,2 G,047;

2;*8 Z,kL2 12S.0 7.25 12.2 0.04;9

20.0 2.308 131,0 7.21 12.3 0,0_27

26.0 2,214 137.0 7.18 12.3 U,O;O?

28,0 2.048 148.0 7,13 12.3 0,0373

30.0 1.907 159.0 7.08 12.3 0.03_

32.8 1,784 1?0.0 7.04 12.3 O*03ZO

3N*O 1,677 181.0 7,01 12,3 0,0299

36.1 1.583 192.0 6.98 12*3 O,dZ81

38*0 1.499 203.0 6.95 12,3 u,0265

;0.0 1*;23 213.0 6.93 12.3 0,0251

45,0 1,265 2;0.0 6.88 12.3 0,0221

50.0 1,1;0 267.0 6.8; 12,3 0.0198

SS,O 1,037 293,0 6.82 12,3 0.0180

bO,O 0.9516 320.0 6,79 12.3 0,016_

6S,0 8*8?9; 346,0 6,77 12.3 C,_152
70,0 0,81?; 372,0 6,75 12,3 0,01_1

7S,0 0.?837 398,0 6,7; 12.3 u.0131

00,0 0,7167 ;25.0 6.73 12,2 0,0123
gO*O 0.6382 ;77.0 6.71 12,2 0.0109

100.0 0,5753 529,| 6.69 12.2 0,06905

125*0 0,4617 659,0 6,61 1Z,Z 0,00?89

1S0.0 0.3856 789,0 6.65 12.1 0.00659
175,0 0.3311 919.0 6.6; 12,1 0.00566

200.0 0,2901 1050,0 6*63 12.1 0._;95

225.0 0,2581 1160.G 6.62 12.1 0.00;;1

250,0 0.2325 1310.0 6,61 12.1 0.06397

ZTS.O 0,2115 1;40.0 6.61 12,1 0.00361

300,0 0.19;0 1570,0 6.61 12,1 0,00331

350*0 0,166; 1830,0 6.60 12.1 0,0028;

;00.0 0,1457 2090.0 6.60 12.1 0.00249

450,0 0.1296 2350,0 6,60 12.0 G,J022%
_00.0 0,1167 2610.0 6oS9 12.0 0,00199

600,0 0*09730 3130.0 6.S9 12.0 G.00166

?00.0 0*68344 3640.0 6.59 12,0 0*00242

600.0 0.0?303 4160.0 6,50 12,0 0*00125

90|.0 0.06;94 4680*0 6.58 12.0 0.00111

1000.0 0,05645 SZOO,O 6,58 12,0 0,_0103

1100.0 0.00315 S7ZO.O 6,58 12.0 0,J00900

1200,0 6,048?3 6240.0 6.58 12,0 0,060832

1301*0 0.0;498 6760,0 6.58 12.0 0*000768

1400,0 0*8_177 ?280,0 6,58 12.0 0,000713

1800*0 0.03899 7800.0 6,SB 12.0 0.d00666

THERMAL VISCOSITY THERMAL

CONDUCTIVITY DIFFUSIVITY

MW/CM-K G/CH-S SQ-CM/S

_ X 10000C0

0,193 62.; 0.030778

0.213 60.4 0.006697

0.228 51.1 0.000E40

0,243 $3,6 0.000595

0.256 50.1 C.O_ESJ

0.267 _6,9 O*GQES_8

0,269 46.3 0,000502

0.27_ ;5.7 0.000_97

0.27B ;5.1 0._0;98

0*273 ;;.6 0,000495

0.275 ;;.1 0.000_92

0.276 ;3*6 0*0@0488

_,277 ;3.2 _.000;8;

0.279 ;2,7 0.000;80

0.280 42.3 0.00O;75

0,280 4L.8 _.00047o

0,283 39.8 0.0004_4

0.283 38.1 0,_0_416

0.281 36,5 0.000391

0.2?7 35,2 0.00037;

0,2?2 3;,2 0,000370

0.267 33,4 0.00_382

0.262 33.0 0.000410

0.259 32.7 0.0004_Z

0,257 32.8 0*000556

0,258 33.3 0.000666

0,262 3;*0 0.G0078;

0.267 34.8 0.0009_8

0*273 35.6 _,0_1_;

_.279 36.5 0.00117

0.285 37.4 C.00132

0.291 38.3 0.D01_6

0.29? 39.3 6*00161

0.30; 40.2 G.00177

0,310 41.2 0.0_193

0,317 42,1 O.OOZtg
0*323 43.0 _.0_226

0,330 44.0 0.00243

_.336 44.9 0.0026_

0,3N3 45*8 0,00278

0.355 47.6 U.00315

0.368 _9.4 0.00353

0,380 51.1 0*00392

0,393 52.9 0,00_33

0*405 5_.6 0,00_75
0.;17 56.Z _.00519

0*;29 57.9 _,0_5_3

0,;$8 61.9 0.00681

0,4_? 65.7 _,0£8_8

_,515 Eg*_ _.00942

0*542 73.1 0.010_

0*570 76.6 &.0123

0,596 _0,0 _,0139

_,6;8 _6.6 0.0173

0.699 93.0 0.0210

_*?;B 99.2 C,0250

0,867 112.0 0.036i

0,979 L26,_ &,_4_8

1,09 139.0 Q.0631

1,19 152.3 _.07_

1,29 165.0 C.0958

L.38 177.0 0.11_

1,;7 1_8.0 Q,13_

1,55 200,_ _.15_

1,73 222.0 C.2_

1.89 2_3.0 0.25_

2*05 264,0 0.3_5

2,21 ZBS,0 Q.365

2.5L 322,_ G.497

2,80 359,0 G.6_6

3,0? _9;,_ _,81_

3,3; 429,0 0,99%

3.6_ 462°_ %.%9

3.05 49;.0 1._0

;,10 $25._ 2,62

4.3_ 556.0 %._6

;,S? 586,0 2,11

_.8_ 616._ 2,37

DIELECTRIC

CONSTANT

1._6148

1._6089

2.06000

1,05881

1,05733

1.05554

1.05514

L,05473

L.05434

1.05395

1.05354

1._5313

1._$ZTO

1.05227

1.05183

2,05%37

1,04804

1,04624

1.0;325

1,0_L

1,03667

1._33;3

1,030_7

1.0279u

1._2396

1._2105

1.0188_

1,01700

1.01552

1,01327

1.01238

%,01162

1,01096

1._1037

1._]985

1.0_038

%,OJBS?

1,3_822

1*G_760

1.3J707

1.00662

1,0_622

1.00587

1.u_556

1.0_528

1.00469

%.0J_22

1.00384

1.0J353

1.0_326

_*00303

1,0_283

1.0_266

1*00236

1,C_213

1.3_171

1.00143

1*0_123

_.0_107

1._096

1.0_086

1*_2_70

1.0}04_

1._0031

1.)0_22

_.02020

_,2_Q17

PRANOTL

NUMBER

0.492

0.536

0.560

0.577

0,598

0.625

0.631

0,632

0.628

0,629

0.631

0,633

0.637

0.6N1
@.646

0,651

0.689

0,?;;

0.811

0.882

0.94;

0,980

0.985

0.969

0,920

0,886

0.859

0.839

0.823

0.8&9

0.797

0.786

0,778

0.770

0.76;

0,759

0.75;

G.750

0.747

0,7;;

0.738

0.734

0.73_

0.728

0.726

0.724

0.722

0*717

0.714

0.71%

0.T08

0.705

0.703

0,701

0.698

0,694

0,691

0.673

0,670
0.667

G.666

0.665

0.666

_,666

0,668

0.668

0.667

0,667

0.667

C,BET

0.667

0,666

_.666

0*666

0,666

0,666

0,666

0.666

C.666

* TWO-PHASE BOUNDARY

_ NU_ERS IN THIS COLUHN HAVE BEEN MULTIPLIED BY THE INDICATEO FACTOR
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THERMODYNAMICPROPERTIES OF HELIUM W

13,0 ATHOSPHERE IS09AR

TEMPERATURE VOLUHE ISOCHORE INTERNAL ENTHALRY

CCIG DERIVATIVE ENERGY

DEG. K _ X .01 ATHIK JIG J/G

2,028 0.05068
2.5 0-06093 977-0 2.23 3.666 11,69

3.0 0,061k9 919.G 3,50 N.346 17,kW
3,9 0.06234 041.0 4.k3 5.179 13.39

4.0 0.06351 ?57.0 5.04 6.166 14.53

4.5 0.06504 671.0 5.32 ?.340 15.91

5.0 0.06698 587.0 5,34 0.747 17.57

5.1 0,06743 571.0 5.32 9.062 17,94

5,2 0.06789 559.0 5.30 9.391 18.33

5.3 0.06834 565.0 5,27 9.699 10.70

5,4 0.06580 529,0 5,24 10,01 19,07

5.5 0.059?8 515,0 5.20 10.33 19.45

5.6 0.06377 500-0 5.16 10.65 19.8_

5,7 0,02078 485.0 5.12 10.97 20.23

5.8 0.07081 471.0 5.00 11.30 20.63

5.9 0.07136 457.0 5,03 11.64 21,04

5.0 0-07193 443.0 4.98 11,98 21°45

6,5 0.07516 378.0 4.69 13.78 23.63

7.0 0,07_03 319,0 _.36 15.75 26.16

7.5 0.08379 269.0 4.01 17.91 28.95

8.0 0.05_6_ 230.0 3.Ek 20,26 37.07

8.5 0.09571 203.0 3.27 22.79 35.53
9-0 0,1050 107.0 2.92 25.44 39.27

9.5 0,1143 182.0 2,60 20.14 W3,19
10.0 G*I?W2 18_.0 2,33 30.81 67.17

11.0 0°1_43 203,0 1.90 35.3_ 54,83

12.0 0.1o36 221,0 1.61 40.19 61.76

13.0 0.1579 242°0 1.40 64.29 65.38

16.0 0.2021 766,0 1.24 40,21 74.82

15.0 0,2211 288.0 1-17 52.00 81-12

16.0 0,2600 313.0 1,02 55.79 87,40

17,0 0,7586 338.0 0.935 59._9 93,56

18.0 0°2770 363.0 0.066 63,13 99,6

19-0 0.2952 388.0 0.804 66.21 105,6

20,0 0.3132 413.0 0,?57 70,24 111.5
21.0 0.3310 637.0 0.706 73.72 117,3

22,0 0.3_86 _62,0 0.E66 7?.18 173.1

23.0 0.3660 486.0 0.631 80.60 120.8

Z6.0 0,3834 51_.0 0,599 83.99 134,5

25.0 0.a036 533.0 0.570 _?.37 160.1

Z6.0 0.4172 557.0 0.544 90.72 165,7

28.0 0.4516 603.0 0°499 97,37 156,9

30.0 0._852 649.0 0.461 104.0 167.9

32.0 0.5155 _95,0 0.479 110.5 170.8

34.0 0.5517 739.0 0,401 117,0 189,7

36.0 0.55_6 784.0 0.377 173.5 200.5

38,0 0.6174 8Z8.0 0.355 130.0 211.3

k0.0 0,5500 8?2.0 0,336 136,_ 222,0

q_,O 0.7312 q80,O 0.296 152.4 768.7

50,0 0.8118 1090,0 0-765 168-3 2?5.3

55.0 0.8920 1190.0 0.240 184,2 301.7

6C.0 0.9720 1300.0 0.219 200.0 328,1
65.0 1.057 1400,0 0.207 215.8 354.3

70,0 1.131 1510.0 0.187 731.5 380,6

75.0 1.211 1610.0 0.175 24T.3 k06.0

80.0 1.790 1710.0 0.163 263.0 432.9

90.0 1.4_ 1920.0 0.1h5 294.6 435.7

100.0 1.607 2100.0 0.130 325.? 537.]

125.0 Z.03Z 2640.0 0.104 603.9 E6T.6

150.0 2.396 316_.0 0.00E7 482,0 ?qT.E

175.0 2.791 3670.0 0.07h3 560.0 922.6

200,0 3*185 4180*0 0.0650 638.0 1050.0

225,0 3,579 4690.0 0.0577 716.0 1187.0

250,0 3.9?3 5200.0 0.0520 T94,0 1317.0

275.0 4.367 5?20.0 0.047? 871.9 1467.0

3_0.0 4.761 6?30.0 0.0433 969.8 1527,0
35G.Q 5.5_9 7250-0 0.0371 1106-0 1837.0

400.0 6.]3T 62/C.0 0.0325 1262.0 2096,0

_50.0 7.125 9300.0 0.0289 I_17.0 2356.0

500,0 7,913 10300,0 0.0760 1573.0 2616.0

6GO,O 9,600 12400,0 0.0217 1885,0 3135.0

700.0 I1.06 1_36.0 0.0186 2197.0 3656.0

000.0 I?.64 165_0.0 0,0162 7508.0 6173.0

900.0 14,27 18500.0 0.0144 2520.0 6693.0

1000.0 15._9 20600,0 0.0130 3131.0 9217,0

11OC.0 I7.37 7_600,0 0.0118 3_43.0 5731.0

1200.0 I_.95 24?00.0 0.[108 3755.0 E250,0

1300.0 20.52 76700-0 0.0100 _066-0 6770.0

140C.0 22.10 2_6G_.Q 0.0_928 4373.0 7?89.0

1500.0 23.6T 30800.0 0.00066 h6qo.o 7808,0

ISOTHERH

DERIVATIVE

CC-ATH/G

ENTROPY

J/G-K

1.685

_.976

2.2?9

2.533

2.912

3.266

3.325

3.396

3,666

3,536

3.605

3.6?5

_.245

3,814

3.834

3.955

4,312

_,683

5,0?0

5.475

5.897

6,327

6,252

7.161

7.896

8.500

9.033

9,512

9.966

10.35

10.73

11.02

11°39

11.70

11.90

L2.75

12.50

12.75

12,90

13.20
13o6!

13.99
14.34

14.67

14.98

15,77

15.55

16.18

16.?4

17.24

17.20

18.12

10.51
10.07

19,21

19.82

70.3?

21.53

22,48

23.20

73.98

26.59

25,16

_5.63

?6,00

26,38

?7.58

28,19
?8.76

79,68

30,65

31.18

31.79

37,36

32.83

33.28

33,70

3_.08

34.44

CV

1.662

1,712

1,886

2-0Z5

2.167

2.375

2.611

2 • 427

2,_05

Z,609

2.61_

?.6Z1

2,430

2._39

2._50

2.661

?.527

2.60?

2.680

2.258

?.832

2.099

2.956

3.002

3-051

3.068

3.031

3.096

3.106

3.117

3,125

3.131

3.135

3.133

3.161

3-162

3.163

3,1_6
3.164

3,1_

3.16_

3.166

3.163

3,142

3.161
3.160

3,139

3.132
3.135

3.136

3.137
3.131

3.130

3.129

3.128

3.127

3.125

3.123

3.122

3-121

3,120

3.1?0

3.120

3.119

3.119

3.119

3.118

3.118

3.118

3.118

3.110

3.117

3.117

3.117

3.112

3.11T

3.117

3.117

3,117

JIG-K

CP

1.690

1.865

2.208

2-574

3._01

3,480

3.576

3.640

3.686

3,752

3.822

3.895

3.971

6,050

W.133

6._19

k.69_

5.24_

5,859

6°698

7,073

7._76

?o665

7,607

?.195

6,887

6.659
6,486

6.340

5,219

6.100

6-013

5,931

5.861

5.000

5.766

5.700
5,659

5,622

5,550

5.535

5,_91

5,454

5,626

5.390

5,3??

5,350

5.372

5.296
5,277

5,263
5.251

5,262

5,235

5,229

5.220

5,_14

5.205

5.200

5.190

5.196

5,195

5.196

5.19_

5.193
5.193

5.193

5.193

5-193

5,193

5.193

5.193

5.193

5.193

5.193

5,193

5,193

5,193

5,193

VELOCITY

OF SOUNO

H/S

319.7

318,k

315,8

312-2

30_,6

295.1

293.0

291.9

290.8

289.1

702.3

285.6

283._

231,5

279.5

272.6

266,6

255.3

2_6.3

234.6

226°6

221.0

21B.2

212,6

220.1

224,6

230.2
237.0

2_k,2

251.5

258.7

265.7

222°7

279°_

286,0

292.4

298.7
306.9

310.8

316,7

328.0

330.9

369,k

359.6

369.6

373.9

383.2

610.3
431.2

651.1

470,0
988.2

505.7

522.6

538.9

5?0.2

599.8

662,9

729.?

786.7

839.0

309.7

936.9

981,9

1025.0

1106.0

1102.0

1253.0

1320.0

1_45.0

1560,0

tE6?.O

1768.0

1863.0

1953.0

2060.0

2123.0

2203.0

?260.0

TWO-PHASE BOUNDARY
_ NUHBERS IN THIS COLUMN HAVE BEEN MULrlPLIED BY THE INDICATED FACTOR
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THERMOPHYSICAL PROPERTIES OF HELIUM b

13.0 AIHOSPHER[ ISOBAR

TEMPERATURE OENSITY

DEG. K G/CC

+" K 100

+ Z.028 16.48

2.5 16.41

3,0 16.25

3.5 18.04

k.O 15.7_

4.5 15.37

5*0 14.93

5.1 14.83

5.2 14.73

5,3 14.63

5.4 lk*54

5.5 14.44
5*5 14.33

5.? 14.23

5.0 14o12

5,9 14.01

6.0 13.90

6*5 13.31

?.0 12.65

?.5 11.93

8.0 11.19

5.5 10.36

9.0 9.924

9.5 8.751
10,0 8.O53

11,D 6*930

12.0 6,111

13.0 5,468

14.0 4.9_9
15.0 4.5Z3

16.0 4.137

17.0 3*865

1 0.0 3 *610

19.0 3.307

20*0 3.193

21.0 3.022

22.0 2*869

23.0 2*732

24.0 2*608

25.0 2.496

26.0 2.394

28.0 2.214

30.0 2.031
32.0 1.920

34.0 1.013

36.0 1.711

38.0 1.620

40.0 1.530

45.0 1.358

50.0 1.232

55.0 1.1Z1

50.0 1.029

65.0 0.9508

70.0 0,8839

75.0 0.8Z59

50.0 0.7751

90.0 0,5903

100.0 0,6223

125.0 0.4996

150,0 0.4173

175.0 0.3984

200.0 0.3L40

Z25.0 0,2P04

250.0 0.2517

2?5,0 0.2290

300.0 0.2101

350.0 0.1802

_00,0 0.1578

450.0 0.1404

500.0 0.1266

600.0 001054

700.0 0.09038

000,0 0,07911

900.0 0.0?034

1000.0 0.05332

L100.0 0.09757

1200.0 0.05278

1300.0 0.04573

1400.0 0.06529

1500.0 0,04224

VIOH/DV) V(DP/OU) -VlOP/OV) (9V/OT)/V
p v T p

J/G ATH-CC/J ATH I/OEG*K

107.0 9.41 160.0 0.0139

79.7 12.6 149.0 0*0234

67.Z 14.7 135.0 G*03ZB

60.9 15.8 119.0 0.0423

58.2 15.8 163.0 0.0516

97.1 15.1 8T.6 0.0610

95.9 14.9 84.8 0.0628

56.7 14.8 02.4 0.0644

55.7 19,0 79.? 0.0662

55.1 15.0 77.0 0.0681

54.6 14.9 74.3 0.0700

95,0 14.9 71.7 0.0721

53,6 14.0 69.1 0.0741

93.1 14.? 6605 0.0763

$2.7 14.6 64.1 0.0789

52,2 14.5 61.6 0.0808

50.3 13.9 50.3 0,0933

40.5 13.3 40.4 0.108

47.0 12,5 32.2 0.125

45.9 11.8 25.7 0.142

45.4 11.2 20.9 0.156

45.6 10.6 17.8 0.164

46.7 10.1 15.9 0.164

48.9 9.65 14.9 0.157

53,1 9.00 lb.1 0.135

57.8 8.60 13.5 0.119

62.9 8.32 13.2 0.106

68.2 8.13 13.1 0.0951

73,8 7,90 13.0 0.0861

70.5 7.85 13.0 0.0782

85.3 7.74 13.1 0.0716

91.1 1.69 13.1 0.0660

96.9 ?.57 13.1 G.0612

103.0 7.50 13.2 0._571

100.0 7.44 13.2 0.0535

114.0 7.39 13.2 0.0503

120.0 7.34 13.3 0*0475

126.0 ?.30 13.3 0.0450

132.0 7.26 13.3 0.0428

137.0 7.23 13.3 0.0408

146.0 ?.17 13._ 0.0374

199.0 7.12 13.4 0.0345

170.0 7.00 13.4 0.0320

181.0 7.Ok 13.4 0.0299

192.0 7.01 13.4 0.0281

203,0 6,90 13.4 0.0265

ZL4.0 6.96 13.4 0.0291

Z41.0 6.91 13.4 0.0221

267.0 6.07 13.4 0.0198

294.0 6.83 13.4 0.0180

320.0 6.81 13.4 0.0164

347.0 6.79 13.3 0.0151

373.0 6.77 13.3 0.0141

399.0 6.75 13.3 0.0131

425.0 6.74 13,3 0.0123

478.0 6.72 13.3 0.0109

530.0 6,70 13.2 0.00984

660.0 6.67 13.2 0.00789

790.0 6.65 13.2 0.00658

920.0 6.64 13.1 0.00565

1050,0 6.63 13.1 0,00495

1180.0 6.62 13.1 0.00440

1310.0 6.62 13.1 0.00397

1450*0 6.61 13.1 0.00361

1570,0 6.61 13.1 0.00331

1830.0 6.60 13.1 0.00204
2090.0 6.60 13.1 0.00240

2350.0 6,60 13.1 0*00221

2610.0 6.59 13.0 0.00199

3130.0 6.59 13.0 0.00166

3650.0 6,59 13.0 0000142

416000 6.59 13.0 0.00125

4680.0 6.5B 13.0 0.00111

5200.0 6.S8 13.0 0.00100

5720.0 6.56 13.0 0.000908

6240,0 6.58 13.0 0.000832

8?60.0 6.S8 13.0 0.000768

7280.0 6.58 13.0 0.000715

7800.0 6,08 13.0 0.000666

THERHAL VISCOSITY THERHAL
CONDUCTIVITY DEFFUSIVIT¥

HH/CH-K 6/CH-S SQ-CM/$

• _ X 1000000

OIELECTRIC

CONSTANT

PRANDTL

NUHBER

0.194 64.5 0.000795 1.06109 0.494

0.215 62.3 0.000709 1.05132 O.SkO

0.231 58.5 0.000652 1.06047 0.963

0.246 55.1 0.000607 1.05933 0°577

0.260 51.6 0.000563 1.05791 0.596

0.271 48.3 0.000521 1.09821 0.620

0.273 47.6 0.000514 1.05583 0.625

0.27_ 47.0 0.000510 1.05544 0.625

0.276 46,5 0.000512 1.05507 0.621

0.278 46.0 0.000509 1.05470 0.621

0.279 45.5 0.000507 1*05432 0.622

0.281 _5.0 0.000503 1.05392 0.623
0.282 44.5 0.000500 1.05353 0.626

0.284 44.0 0.000496 1.05312 0.629

0.285 43.6 0.000492 1.05270 0.633
0.286 43.1 0.000487 1.05228 0.637

0,289 41.1 0.000463 1.05002 0.667

0.290 39.3 0.000437 1.04752 0.711
0.289 37.8 0.000413 1.04k78 0.768

0,286 36.5 0.000394 1.04182 0.830

0.282 35.4 0.000385 1.03073 0.890

0.277 34.6 0.000389 1.03564 0.934

0.272 34.0 0.000407 1.03271 0.955

0.269 33,7 0.000430 1.03008 0,955

0.265 33.6 0.000531 1.02586 0.914

0.265 34.0 0.000631 1.02278 0.883

0.269 34.6 0.000738 1.02037 0.859

0,273 35.4 0.000050 1.01842 0.840

0,278 36.Z 0,000960 1.01683 0.826

0.203 37.0 0,00109 1.01550 0.012

0.289 37.9 0.00122 2.01437 0.800
0.295 38.8 0.00136 1.01342 0*790

0.301 39.7 0.00150 1.01259 0.781

0.300 40.6 0.00164 1.01185 0.774
0.314 41.5 0.00179 1.01122 0.767

0.320 42.4 0.00194 1,01065 0.762

0.327 43.4 0.00210 1.01014 0.757

0.333 44.3 0.00226 1.00960 0.753

0.339 45.2 0.00242 1.00927 0.749

0,348 46.1 0.00258 1.00089 0,746

0.358 47.9 0.00292 1.00822 0.740

0.370 _9.7 0.00327 1.00765 0.736

0.383 51,4 0.00364 1.00715 0,732

0.395 53.1 0.00402 1,00672 0.729

0.407 54,0 0.00441 1.0063_ 0.727

0.419 56.S 0.00481 1.00601 0.725
0.431 58.1 0.00523 1.00570 0.722

0*460 62.1 0.00632 1.0_507 0.718

0.489 65.9 0.00749 1.00457 0.714

0.517 69.6 0.00873 1.00415 0.711

O*Skk 73.2 0.0100 1.00381 0.708

0.571 76.7 0.0114 1.00352 0.706
0.598 80,2 0.0129 1.00328 0.703

0.624 83.9 0.0144 1.00306 0.701

0.650 86.8 0.0150 1.00287 0.699

0.700 93.2 0.0194 1.00256 0.695

0.749 99.3 0.0231 1.00231 0.891

0.068 112.0 0.0334 1.00185 0.673

0.980 128.0 0.0452 1.00155 0.670

1.09 140.0 0.0503 1.00133 0.667

1,19 152.0 0.0728 1.00116 0.666

1.29 165,0 0.0086 1.00103 0.565

1.38 177.0 0.105 1.00093 0*666

1.47 188,0 0.123 1.00089 0*666

1,05 200*0 0,142 1*Gd078 0*668
1.73 222.0 0.184 1,00057 0.66T

1.89 243.0 0*231 1.00058 0.5E7

2.05 Z64,0 0.282 1.00052 0,667

2,21 284.0 0,33? 1.00047 0*66?

2.51 322,0 0.459 1.00039 0.56?

2*80 359*0 0,596 1.00033 0*666

3.07 394.0 0.748 1.00029 0.666

3,34 429.0 0.915 1.00026 0.666

3.6_ 462.0 1,09 1.00023 0.666

3.85 494,0 1,29 1,00021 0,666

4,10 029*0 1.49 1.00020 0,666

4,34 BS6.0 1.71 1.00018 0*666

4.57 $86.0 1,95 1.00017 0*666

4,80 616.0 2.19 1,00016 0.666

" TRO-PHASE BOUNOART

++ NUHSERS IN TMZS COLUMN HAVE BEEN HULTIPLIED BY THE INDICATEO FACTOR
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TNERHOOYNENIC PROPERTIES OF HELIUM 4

lk.0 ATMOSPHERE ISOBAR

TEMPERATURE VOLUHE ISOCHCRE INTERNAL ENTHALPY

CCIG OERIVATIVE ENERGY

OEG. K _ X .01 ATN/K JIG J/G

2o014 0.05030

2.5 0.06055 1010.0 2.20 3,686 12,28

3,0 0.06105 554.0 3.49 4,3k8 13.01

3.5 0.06188 877.0 4.46 5.162 13,94
4.0 0.08300 ?95.0 5.09 6.127 15.06

4,5 0,08444 709.0 5.39 7,274 16.42
5,0 0,0682E 626,0 5*;3 8.646 16.05

5.1 0.06&67 611.0 5.42 8,956 18.41

S,Z 0.06711 599,0 5,40 9.277 18.80

5.3 0.06752 584,0 5.38 9.577 19.15

5.4 0-06755 569.0 5.35 9.879 19.5Z

5.5 0,06539 554,0 5.32 10,19 19*85

5,6 0.06354 539.0 5.28 10.50 20.26

_.7 0.06532 525.0 5.24 10,61 20.65
5.5 0.06980 511.0 5.20 11,13 21.04

5.9 0.07031 497.0 5.15 11.48 21.43

6.0 0,07083 483.0 5.11 11,75 21.04
6.5 0.07374 417,0 4.84 13,53 23.99

7.0 0.07711 357.0 4,54 15.42 26*37

7.5 0.00140 306.0 4.20 17,48 Zg*OZ

6.0 0.08645 263,0 3.85 1g.71 31.98

8.5 0.09250 231.0 3.49 22.11 35.23

9.8 0.0996 211,0 3.15 24.65 38.77

9.5 0.1076 200,0 2.83 27.25 42.52

10,0 0.1164 158,0 2.55 29,08 46.38

11.0 0.1347 211,0 2*09 34.92 54.03

12,0 0.1526 230.0 1.76 39.43 61.08

13.0 0.1702 249.0 1.53 43.57 67.72

14,0 0.1878 270.0 1.36 47.53 74,t7

15.0 0,2054 292.0 1,22 5t,35 80.49

16,0 0°2230 317.0 1.11 55,18 86.81

17,0 0,2403 341.0 1.02 58.92 93.01

18.0 0.2575 366.0 0,940 62.59 59.11

19,0 0.2744 391.0 0.874 66.19 105.1

20.0 0,2912 415,0 0.817 89.75 111.1

21*0 0,3077 440.0 0.767 73.26 116.9

22.0 0,3242 464.0 0.723 76.74 122,7

23*0 0.3405 489*0 0.684 80,18 128.5

24*0 0.3566 513-0 0.649 83.60 134.Z

25.0 0.3727 536.0 0.610 86,99 139.8

2&.O 0.3886 560.0 0.589 90,36 145.5

28.0 0,4202 607°0 0.540 97.04 156.7

30.0 0-4515 653.0 0.459 103.7 167.7

32.0 0,4826 698.0 0.k64 110.2 175,7

34.0 0.5135 743.0 0.433 116.& 185.6

36.0 0.5441 786.0 0.407 123,3 200-5

38.0 0.5T46 832.0 0._83 129,T 211.3

40.0 0.6050 076.0 0.363 136.2 222,0

45.0 0.6505 984.0 0.320 152.2 240.0

50.0 0.7555 1090-0 0.208 168.2 275.4

55.0 0.0301 1200.0 0.259 184,1 301.8

60.0 0.90_4 1300.0 0.237 199.9 320.2

65.0 0*5785 1410.0 0.218 215.7 354.5

70.0 1.052 1510-0 0.202 231.5 380.7

75.0 1.126 1620.0 0.188 247.2 407.0

80.0 1.200 1720.0 0.178 262.g 433.1

90.0 1.347 1530.0 0.158 294,3 485.4

100.0 1.494 2130.0 0.140 325.6 537.6

125.0 1.861 2650.0 0.112 403.9 667.8

150-0 2.227 3160.0 0,0934 482,0 797.9

175.0 2.553 3620.0 0.0000 560.0 927.9

200.0 2.959 4190.0 0.0700 638.0 1058.0

225.0 3.325 _700.0 0.06?2 716.0 1188.0

250,0 3.691 5210.0 0.0560 294.0 1318.0

275.0 4.057 5720.0 0.0509 871.9 1447.0

300.0 4,423 6230.0 0.0486 949.9 1577,0

350.0 5.15M 7260-0 0.0400 1106.0 1837.0

400.0 5,886 8280.0 0.03_0 1262.0 2097.0

kSD.O 6.615 9300.0 0.0311 1417.0 2356.0

500.0 7.0M_ 10300.0 0.0280 1573,0 2616.0

600.0 8-813 12400.0 0.0233 1885.0 3135.0
704.0 10.28 14400.0 0.0200 2197.0 3654.0

800,0 11.74 16500.0 0.0175 2500.0 4174,0

500,0 13.20 18500.0 0.0155 2820.0 4693.0
1000,0 14.67 20600,0 0.0140 3132.0 5212.0

1100.0 16.13 22600.0 0.0127 3443.0 5731.0

1200.0 17.59 24700.0 0.0117 3755.0 6251,0
1300.0 19,06 26700.0 0.0108 4066.0 6770-0

1400.0 20.52 28800.0 0.0100 4378.0 7289.0

1500.0 21.9_ 30800.0 0.00933 4690.0 7805.0

ISOTHERN
DERIVATIVE

CC-ATH/G

ENTROPY

J/G-K

1.672

1.gsg

2.256

2.561

2.87g

3.214

3.284

3.354

3.422

3.490

3.558

3.626

3.694

3.762

3.830

3,898

4.244

4.600

4.968

5.352
5.749

6.156

6.563

6.961

7.695

6.31I

8.845

9,324

9.761

10.17

10.54

10.89

11.22
11.52

11.81

12.08

12.33

12.58

12.01

13,03

13.44

13.53

14,18

14.51

14.82

15.11

15.39

18.02

t6.58

17.08

17.54

17,96

18.35

16.71

19.05

19.67

Z0.22

_1.38

22.33

23.13

23.5_

24.44

24.58

25.48

25.53

26 • 73

27.42

28.04

28.58

29.53

30.33

31.02

31-63

32.18

32.68

33.13
33.54

33.93

34.29

DV

1*410

1.695

1*869

2*OOq

2.172

2.361

2.398

2.414

2.392

2.356

2.401

2.405

2.417

2.426

2,437

2,448

2.514

2.582

2*662

2.737
2.608

2.874

2.932

2.950

3.030

3.052

3.077

3.090

3.103

3.115

3.124

3*131
3,135

3.139

3.141

3.143

3.144

3.14_

3.146

3,146

3.146

3.145

3.145

3,144

3.143

3.142

3.141

3.135

3.132

3.135

3,133

3.132

3.131

3.130

3.125

3.127

3.126

3.124

3.123

3.122

3,121

3.120

3.120

3.120

3,115

3.119

3.119

3.118

3.118

3.118
3.118

3.118

3.117
3.117

3.117

3.117
3.117

3.117

3.117

JIG-K

CP

1.462

1-639

2,176

2.533

2.q48
3.410

3,502

3.571

3.604

3,666
3.730

3,798

3.868

3.942

4,018

4.096

4.528

5.021

5.566

6.143

6.692

7.135

7*402

7.480

7.207

6.893

6.678

6,514

6,383

6.257

6.147

6.062

5.969

5.897

5.834

5.778

5.730

5.657

5.649

5.615

5.557

5.518

5.472

5*440

5.413

5.398

5.370

5,331

5,304

6.283

5.268

5.256

5.246

5.238
5.232

5.223

5.216

5.206

5.201
5.]98

5.196

5.195

5,194

5.154

5.153

5.193

5.193

5.153

5.193

5.193

5.193

5,193

5.193

5.193

5.193

5.153

5.1q3

5.193

5.193

VELOCITY

OF SOUND

NIS

324.7

323.8

321.7

318.6

312,3
382-6

380.6

299.S
296*6

297*8
295*3

293.6

291.6

289.9

286.8

286.1
275.6

265.1

ZS4,S

244.7

236.4

230.1

226.2

224*S

225.4

229*0

234.0

240.1

246.8

253.8

260.6

267,7

274.S

281.2

287.7

254.1

300,3

306.6

312.4

318.2

329.6

341.3

350.8

360.9

379.7

380.2

389.5

411.6

432*4

452*2

471.1

465.3

586.8
523*6

539.q

571*1

600.6

668.7

730.4
787.3

840.3

890.2

937.5

982.4

1025.0
1106.0

1162,0

1253.1

1328.0

1445.0

1560.0

1667.0

1768,0

1863.8

lq54.0

2040.9

2123.0

2203.1

2281.0

_= TNO-PHAS[ BOUNDARY
NUMBERS IN THIS COLUMN HAVE BEEN MULTIPLIED BY THE INDICATED FACTOR
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THEI_OPHYSICAL PROPERTZES OF HELIUM 4
14*0 ATMOSPHERE ISOBAR

TEMPERATU_( DEM$I[Y V(OH/DVIp V(DP/DU) v

OEG.K GICC JIG ATM-CC/J
_+ X 10_

2,010 16.50

2.5 16.51 111.0 9.+0

3.0 16.3T 02.3 12.6

3.5 16.16 69,2 14.0

400 15.8r 62.0 16.0

4.5 15.52 60.2 16.0

5.0 15.00 59.3 15.2
5.1 15.00 59.2 15.1

5,Z 14.90 59,0 15.0

5.3 14.81 58.G 15,2

5o4 14,72 57.4 18.2

5.5 14o62 56.9 15.1

5.8 14.53 56.4 15.1

5.7 14.43 55.9 15.0

5.8 14.33 55.5 15.0
5.9 14*22 55.1 14.9

6.0 14.12 84.7 14.0

6.5 13.56 52,9 10.2

?*0 12.95 51.Z 13,5
7.8 12,29 49.8 12°0

8.0 11.57 4006 1202

8.5 10,01 47,9 11.5

9.0 10.04 47.9 10.9

9.5 9.291 48.6 10.4

10.0 8.594 50.0 10.0

11,0 7.426 $4.2 9.26
12.0 6.555 56.9 8,79

13.0 5.8?5 63.7 8.08

14.0 5,324 68.9 8,26

15.0 4.867 74.3 0.09

16.0 4.484 00.0 7.95

17.0 4.151 05.? 7,83

18.0 3*884 91.5 7.73

19.0 3.644 97.3 7,65

Z0,0 3.435 103._ ?.57

21.0 3.250 109.0 7o51

22.8 3.088 115.0 ?.45

23.0 2.93? 120.0 7.40
24.0 2.804 126.0 7.36

25o0 2*603 132.0 7.32

26.0 2.573 13700 7028

28.8 2.300 168.0 7.22

30.0 2.215 160.0 ?.16

32.0 Z.OT2 171*D 7.12

34.0 1.948 10200 ?,08

36.0 1.838 193.0 7.04

38.0 1.740 203.0 7001

40.0 1.653 214.G 6.99

45.0 1.470 26100 6.93

50.0 1*324 268.0 6089

5500 1.205 295,0 6.85

80.0 1.I06 321.0 6.03

65.0 1.OZZ 34?.0 6,80

70.0 0.9501 374.0 6.78

15,0 0.08/9 400,0 6077

00.0 0.8333 426.0 6,T5

gO.O 0.7423 470.0 6.73

100.0 0.6693 531.0 6.71

125.0 005373 661.0 6,68

150,0 0,4490 791.0 6066

175.0 0.3856 921.0 6065

200,0 0,30P9 1050.0 6063
225.0 0,3007 1180,0 6*63

280.0 0.2r09 1310.0 6.62

215.0 0.2065 1460,0 6.62

300.0 0.2261 1970.0 6.61

35000 0.1960 1830.0 6.61

400.0 0.1899 2090,0 6,60

450.0 0.1511 2350.0 6.60

500.0 0.1361 2610.0 6.59

600.0 0.1135 3130*D 6059

70000 0.03731 3650.0 6.59

000.0 0*08518 4170.0 6.59
900.0 0.07574 4680.0 6.58

100000 0,06818 5200,0 6.58

1100.0 0,06199 5?20.0 6.50

1200.0 0.05604 6240.0 6.58

1300.0 0.0524? 6?60.0 6,S0

1400.0 0*04073 7280.0 0*58

1500,0 0.04949 7800.0 6.50

-V (GP/DV_ (OV/0T)p/V

ATH IlOEG.K

167.0 0.0132
156.0 0.0223

142.0 000314

1E6.0 0.0403
110.0 0.0490

94.4 0.0575

91.6 0.0592

89.2 0.0606

86.5 0.0622

83.? 0.0639

01.0 0.0656

78.4 0.0674

75.7 000692

73.2 003?00

70.6 0.0730

68.2 0.0?49

56.5 0.0857

46.3 0.0900

37.6 0.112

30.5 0.126

25.0 0.140

21.1 0.149

18.6 0.152
17.0 0.150

15.? 0.133

15.1 0.117

14.6 0.105

14.4 0._945

14.2 0.0859

14.2 0.0782

14.2 0,0717

14.2 0,0661

1+.2 0.061+

14.3 0.0572

14.3 0.0536

14.3 0.0505

14.3 0.0477
14.4 0.0452

14.4 0.0429

14.4 0.0409

14.4 0,0374

14.5 000345

14,5 0.0321

14.5 0,0299

1405 0.3201

14.5 0*0265

I+.5 0.0251

1+,5 000221

14.4 0.0198

14.4 000179

10.4 0.0164

14,4 0.0151

140_ 0.0140

lk.+ 0,0131

14,3 0,0123

04.3 0.0109

14.3 0.00903

14.Z 0.00780

14.2 0000658

14.2 0.00565

10.1 0.00495

1401 0000440
14.1 0,00396

lk.1 0.00361
16,1 0.00331

14.1 0,00284

14.1 0,00249

14.1 0.00221

10.1 0.00199

10o0 0*00166

14.0 0.00142

14.0 0.00125
14.0 0.00111

10.0 0.00100

14.0 0.000907

lk.0 0,000832

10.0 0.000760

14.0 0.000713

14.0 0.000666

THERMAL VZSCO$ZTV THERMAL DIELECTRIC PRONOTL
CONOUCTIVITY OIFFUSIVITY CONSTANT NUMBER

MN/CM*K G/CM-5 $Q-CM/S

** X 1000000

0.196 66.5 0.000013 1.06229 0.496

00217 64.2 0.000721 1.06174 0.544

0,233 60.6 0.000663 1.06092 0.565

0.249 56.7 00000619 1.05982 0.570

3.263 53.0 0.000574 1.05846 0.595

00274 49.6 0.000533 1,05683 0,617

0.276 4900 00000526 1.05647 0.621

0.278 48.4 0.000523 1005610 0,621

0.280 47.8 0.000525 1.05575 0.615

0.282 47.3 0.000523 1,05539 0.615

0.284 46.8 0.000520 1.05503 0.015

0.285 46.3 0,000517 1.05466 0.616

0.287 45,8 0.000514 1.05428 0.617

0.288 45,3 0,000510 1.05390 0.619

0.290 44.8 0*000507 1.05350 0.622

0,291 44.+ 0.000503 1.05310 0.625

0.295 42.3 0.000400 1.05090 0.850

0,297 40.6 0.000456 1.04865 0,686

0.296 39,0 0.000433 1.04611 0.734

0.294 3707 0.000414 1.04338 0.788

00291 36.6 G.000402 1.04051 0.843

0.286 35.1 0.000400 1,03759 0.890

0.282 35.1 0.000410 1.03476 0.921

0.278 34.7 0.000433 1.03212 0.933

0.273 34.4 0.000510 1.02772 00909

0.273 34.7 0,000603 1.02444 00078

0.275 3503 0.000701 1,02189 0.856

00279 35.9 0.000804 1.01983 0.839

0.283 36,7 0.000912 1.01812 0.826

6.288 37.5 0.00103 1.01668 0*814

0,294 38.3 0.00115 1001540 0.802

0.299 39o2 0.00127 1.01444 0.792

0.305 40.1 0.00140 1.01355 0.78_

0,311 41,0 0.00154 1,01276 00776

0,318 41,9 0.00167 1,01207 0,770

0.32+ 42.8 0000102 1.01146 0.764

0,330 43.7 0.000% 1.01091 0.759

0.336 44.6 0.00211 1.01041 0.755

0*342 4505 O*OOZZ6 1.00996 0*751

0,348 46.4 0.00241 1.00955 0.748

0,361 48.2 0,00273 1.00883 0.742

0,3?3 49.9 0,00306 1.00822 0.738

0.305 51,7 0.00340 1000769 0*734

0.397 53.4 0.00375 1.60723 0o731

0,409 55.0 0,00411 1.00602 0.728

0.+21 56.7 0.00449 1.00645 0.725

00433 58.3 0.00480 1.00613 0.723

0,462 62,3 0,00590 1.00545 00719

0.490 66.1 0.00698 1.00491 0,715

0.518 69,0 0.00814 1.00447 00712

00546 73.4 0.00937 1.00410 0,709

0.573 76.9 0.0107 1,00379 0.?06
0.599 80.3 0.0120 1.00352 0.703

0.628 83*7 0.0134 1.00329 0*701

0,651 86.9 0*0149 1.00309 0*699
0.701 90.3 0.0181 1.00275 0.695

0.751 99.4 0,0215 1.00248 0.691

0.869 11Z.0 0.0311 1.00199 0.6?3

00981 126,0 0.0420 1000166 0,670

1.09 140.0 0.0543 1.00143 0,66?

1.19 152.0 O.O67T 1.00125 0.666

1.29 165.0 0.0823 1.00111 0,665

1,30 177,0 0*0980 1.00100 0*665

1.47 188,0 0.115 1.00091 0.666

1,55 200,0 0,132 1.00084 0,660

1,73 222°0 0.171 1,00072 0.66?

1,89 243.0 0,215 1.0_063 0,667

2.05 264*0 0,262 1,00056 0*667

2.22 204.0 0,313 1,00050 0*66?
2.51 322.0 0,426 1.00042 6*66?

2.86 359.0 0*554 1*00036 0*666

3.07 394.0 0,695 1*D0032 0.666

3,34 429,0 0.050 1*D0028 0.666

3,60 662,0 1,02 1.G0025 0*666

3*85 404,0 1.20 1.00023 0*666

k,$O 525*0 1,39 1.G0021 0*666

4,34 $56.0 1,59 1.00019 0,666

4*57 586.0 1,81 1.00018 0.666

4.B0 616.0 2,03 1,00017 0,666

I THO-PHkSE BOUNDARY

_+ NUHgER$ IN T_I$ _OLUMN HAVE OEEN HULTIPLIEO 8Y THE INDICATED FACTOR
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15.0 ATMOSPHERE ISOBAR

THERMODYNAHIC PROPERTIES OF HELIUM 4

TEMPERATURE VDLUBE ISOTHERM ZSOCHORE INTERNAL ENTNALPY

CC/G OERIVATIVE OERIVATI¥E ENERGY

OEG. K _ X .01 CC-ATM/G ATNIK J/G JIG

2,0 0.05995 1040.0 0.792 2.987 12.10

Z.S 0-06019 1040.0 2.18 3.708 12.86

3.0 0.06069 988.0 3.48 4.355 13.58

3.5 0,06146 013.0 4.43 5,1S1 14.49

k.0 0.06252 831.0 5.13 6.09_ 15.60

4.5 0,06380 ?47.0 5.¢6 ?.216 16.93

S.O 0.06559 66_.0 5.52 8.561 18.53

5.1 0,06598 649,0 5.51 8.862 18-89

S.2 0.06639 637.0 $.50 9.126 19.27

5.3 0.06677 623.0 5.47 9.469 19.62

S,4 0.06712 608.0 5.45 9.764 19,97

S,S 0.06756 59300 5.42 10.06 20-33

506 0.06801 576.0 5.39 10.32 20.T0

S.? 0,06844 564.0 5.35 10.67 21.08

S.8 0.06890 54900 5.31 10098 21.46

5-9 0.06936 535.0 5.27 11.30 21.84

6,0 0.06985 521.0 5.23 11.62 22.24

6.5 0,07250 455-0 4.90 13-31 24.32

I.O 0.0?565 395.0 4.69 15.13 26.63

7.5 0,07938 342.0 4.38 12.11 29,17

8,0 0,08382 297.0 4.04 19.2_ 31.98

8.S 0.06909 262.0 3.70 21.54 35.08

900 O.OBS2_ 236.0 3.36 23096 38.44

9.6 0.1023 22100 3.05 26048 42.02

10.0 001100 215.0 2.76 29.83 45.75

11.0 0.1266 222.0 2,27 34.07 53,31

12.0 0o1_32 2_0.0 1.92 38.72 60.49

13.0 0.1595 25200 1.66 42009 67.13

Ik.O 0.1756 276,0 1,47 kboBB ?3*59

15.0 0-1921 298.0 1.32 50.73 79.B2

16.0 0.2004 321.0 1.20 54.59 06.26

17.0 0*2246 345.0 1.10 58.36 92.50

18.0 002406 370.0 1-02 62.06 98.63

19.0 0.2565 394.0 0.945 65.69 104.7

20,0 0.2722 _19.0 0.002 69.2? 110.E

21.0 0.2877 _43.0 0.828 r2.01 116,5

22.0 0.3031 _62,0 0.780 ?6.30 122.4

23,0 0.3183 492.0 0.737 79.77 120.2

2_.0 0.3335 516.0 0.700 83.20 133.9

25.0 0,3405 539,0 0.666 86.61 139.6

26.0 0.3635 563.0 0.635 89.99 145.2

26.0 0,3931 610.0 0,582 96.71 156.5

30.0 0.422_ 656.0 0.537 103.4 167.6

32.0 0,4515 ?02.0 0.499 110.0 178.6

3_.0 0.4003 742.0 0.466 116.5 189.5

36.0 0.5090 792.0 0.437 123.0 200.4

38.0 0.5376 836.0 0.412 129.5 211.2

_0.0 0.5660 880.0 0.390 136.0 222.0

45.0 0.6366 909.0 0.343 152.1 248.8
BO*O 0.?067 1100.0 0.30? 168.0 275.4

55.0 0.2164 120000 0.278 183.9 301.9

60.0 O.8_SB 1310-0 0.254 199.8 328.3
65.0 0.9151 1410.0 0.233 215.6 354.?

?0.0 0.9641 1520.0 0.216 231-4 380.9
75.0 1.053 1620.0 0.202 247,1 407.2

80.0 1.122 1130.0 0.189 262.8 433.3

90.0 1.259 1930.0 0.167 294.2 485*6

100.0 1.392 21_0.0 0.150 325.6 537.8

125.0 1.739 2650.0 0.120 403.8 668.1

150.0 2.081 3170.0 0.100 482.0 798.2

175.0 2.423 3660.0 0-0057 560.0 920-2

200*0 2.764 419000 0,0750 638.0 1050._

225.0 30106 4700-0 0-0666 216-0 1108.0

250,0 3.447 5220.0 0.0600 794,0 1318,0

276.0 3,788 5730.0 0,0545 812,0 1448.0

300.0 _.130 62_0.0 0,0500 949.9 1578.0
350.0 _.813 7260.0 0.0420 1106.0 1837.0

400.0 5._96 8290.0 0.0375 1262.0 2097.0

450.0 6.178 9310.0 0.0333 1418.0 2357.0

500,0 6,861 10300-0 0,0300 1523.0 2616-0
600.0 8,22? 12400.0 0.0250 1885.0 3135,0

700.0 9.593 1_400.0 0.021_ 2197.0 3655.0

800.0 10.96 16500.0 0.0187 2508.0 _174.0

900.0 12.32 18500.0 0.0167 2820.0 4693.0

1000,0 13,69 20600.0 0.0150 3132.0 5212.0

_100,0 15.06 22600.0 0.0136 34_3.0 5732.0

1200.0 16.42 2_700.0 0.0125 3755.0 6251.0

1300.0 17.79 2670_.0 0.0115 4066.0 6770.0

1400.0 19.15 28800.0 0.0107 4378,0 7209.0

1500.0 20.SZ 30800.0 0-0100 4690.0 7809.0

ENTROPY

JIGoK

1-303

1,659

1,942

2.235
2.535

2.048

3.177

3-245

3.314

3.381

3.447

3.514

3.$80

3.647

3.713

3.200

3.846

k.182

4.$26

4.880

5.2_S
5.623

6.009

6.390

6.783

7.509

8-138

8.671

9.151

9.588

10.00
10.36

10.73

11.05

11.36

11,65

11.92

12.10

12._2

12.65

12.87

13.29

13.6t

14.03

1_.36

14.67

14.96
15.24

15.87

16.43

16.9_

17.40

17,82

10-21

10.57

t0.91

IB,B2

20.07

21*24

22.19
22.99

23.68

24-29

2_.8_

25.3_

25.79

26.59

27.28

27.89

28-44

29.39

30.19

30.88

31.49

32.04

32.53

32.99
33.40

33,79

3_.14

CV

JIG-K

2.496

1.395

1.670

1,051

1.993

2.158

2,348

2.385

2,401

2037g

2,384

2.389

2.397

2,405

2.415

2.425
2.437

2,B02

2.574

2.640

2.720

2.789

2.853

2.911

2.960

3.02_

3.057

3.072
3.086

3.100

3.113

3.123

3.130

3.13_

3.139

3.142

3.144

3.146

3.147

3.147

3,148

3.t40

3.147

3,146

3,146

3.145

30144
3.143

3.140

3.130

3.136

3.135

30133

3.132

3,131

3.139

3,128

3.122

3.124

3.123

3.122

3.121

3-121

3.120

3.120

3.120

3.119

3.119

3.118

3.110

3.118

3.110

3,110

_.118

3.117

3.117

3.117

3.117

3.112

3.117

CP

2.500

1.437

1.815

2.146

2-_95

2,900

3.348

3.437

3,502

3.532

3.590

3.650

3,71_

3.779

3.848
3.918

3.991

4.309

4.638

5,331

5.852

6.367

6.816

1.141

7.307

7.183

6.887

6,685
6.$31

6.407

6.287

6.180

6.086

6.B02

S-929

5,665

5,808

S.758

S.71_

5.67_

5.639

5.578

5.529

5,_89

5.455

5,426

5.402

5.381

5,340

5.311

5.289

5.273

5.260

5.250

5.241

5.235

5.225

5.217

S,20T

5.201

5.198

5.196

S.195

5.194

5.194

5.193

5.193

_,193

5.193

5.193

5.192

S.192

5.192

5.193

5.193

5.193

5.t93

5.193

9.193

5,193

VELOCITY
OF SOUND

M/S

325-2

329,6

329.0

327.k

326.7

318.9

309,7

307.8

306.8

306.B

304.5
302.9

301.3

299.6
297.8

296.0

294.2

28404

27402

264.0

254.k

245.9

239.2

23k,4

231,8

230.9

233.9

230.0

243.4

249,6

256.3

263.1

269.8

276.5

283.0

289.S

295.8

302.0

30600

313.9

319.7

330.9

341,0

352.2

362.3

372.0

361.5

390.7

412.8

433.6

453.4

47202

490.4

502.B

524.6

540.9

572-0

601.5

669.5

731.1

700.0

840.9

890.8

938.0

982.9

1026-0

1107.0

1102.0

125300

1320,0

1448.0

IS60.0

1667.0

lr60.0

1863.0

1954.0

20_0.0

2123.0

ZZ03.0

2280.0

_4 TNO-PHASE 9OUHDARYNUMBERS IN THIS COLUMN HAVE BEEN MULTIPLIEC BY THE INDICATED FACTCR



15.0 _TMOSPHERE ISOBAR

THERMOPHYSICAL PROPERTIES OF HELIUM W

TEHPERATBRE DEMSITY VlOHIOV) V(OPIDU)
p v

DEG. K G/CC J/; ATM-CC/J

_ X 100

2.0 16.69 549.0 1.90

2.5 16,6L 11_,0 9,kl

3.0 16.48 8_,9 12.6

3.5 16.27 71,2 14.9

_.0 16.00 64._ 16.1

_.5 1B.65 62.1 16.2

S.O 15,25 61.W 15._

5.1 15.1_ 61.W 10.2

5.2 15.06 61.2 15.0

5.3 lk.90 60.2 15.4

5,_ 1W,Sg 59.6 15.W

5.8 1_.00 59.1 15.3

5,6 14.70 58,6 15.3

5.F 1W.61 58.2 15.2

5,8 14.51 57.8 15.2

B,9 14.k2 5?._ 15.1

6,0 14.32 57,0 15.0

6,5 13.19 55.3 lb.b

?.0 13.22 53.8 13.8

7.5 12.60 52._ 13.1

8.0 11.93 51.3 12.5

8.8 11.22 BO.S 11.0

9,0 10,50 50.3 11.2

9,5 9.700 50.T 10,?

10.0 9.0]k 51.? 10.3

11.0 7.900 55.3 9.51

12.0 6.981 60.1 8.99

13.D 6.2?1 66.7 0.64

14,0 5.690 69.7 8,39

15.0 5.207 7_.9 0.21

16,0 4.798 80.8 8,05

17,0 _._52 86.2 7.93

18,D 4.156 91.9 7.82

19,0 3.899 97.7 7°?3

20.0 3.676 103.0 7.65

21.0 3,W76 109.0 ?.58

22.0 3.300 115.0 7.52

23.0 3.1_1 121,0 7,46

24.0 2.099 126.0 7.41

25.0 2.869 132.0 T.37

26.0 2.751 138.0 7.33

?6,0 2.5bk 149.0 7.26

30.0 2.361 160.0 ?.21

32.0 2.215 171.0 ?.16

3_.0 2.082 182.D ?.11

36.0 1.96_ 193.0 7,08

38,0 1.860 20_.3 7.04

_0.0 1.707 215.0 7.02

45,0 1.571 242.D 6.96

50.0 1.415 269.0 6.91

55.0 1.288 295.0 6.87

60.D 1.102 322.0 6.84

65.0 1.093 346.0 6.02

?0.0 1.010 3?4.0 6.80
75.0 0.9_96 _01,0 6.78

80.0 0.8913 427.0 5.77

90.0 0.79_1 479,0 6.74

100.0 0.7161 531.0 6,12

125.0 0.5751 662,0 6,69

150.0 0.k006 792,0 6.66

175.0 0,_120 922,0 6.65

200.0 0,3618 1050,0 6.64

225.0 0.3120 1180.0 6.63

250.0 0,2901 1310.0 6.62

2?5.0 0.2640 1440.0 6.62

300.0 0.2_21 1570.0 6.61

350.0 0,2070 1830.0 6.61
_00.0 0.1820 2090,0 6.60

450.0 0.1619 2350.0 6,60

500.0 0.1457 2610,0 6.60

600.0 0,1216 3130.0 6.59

700.0 0.1042 3650.0 6.59

800.0 0,09125 _170.0 6.59

900.0 0.08114 4690.0 6.59

1000.0 0.0?304 5200.0 5.58

1100.0 0.06642 5720.0 5o56

1000.0 0.05089 6240.0 6.50

1300.0 0.05522 6760.0 6.58

1400.0 0.05221 7280.0 6.58

1500.0 0,06873 7800.0 6.58

-V|DPIOV) T (DVIDT)/VP

ATM 1/OEG. K

17;.0 0,00H55

173.0 0.0126

163.G _.0214

1_9.0 0.0301

133,0 0.d386

117.0 0.046?

151.0 Q,_545

98,k _.0560

96.0 0,5573

93.2 0.0587

90,_ 0.0602
87,7 0.0618

65.0 0.0634

82,h 0.0650

79.7 0.0666

77,2 0.0683
?W.6 0.0700

62,8 0.029_

52.2 _,0899

43.0 0.102

35.b 0,114

29._ 0.126

24.B 0.136

21.6 0.141

19.5 0.1;I

17.5 0,130

16.7 0.115

16.1 0.103

15.? 0.0937

15.5 0.0850

15.4 0.0701

15.4 0.0717
15.4 0.0662

15._ 0.0615
15.4 0.05?3

10.4 0.0537

15._ 0.6506

15._ 0.0477

15.5 0.0k52

15.5 0.0_3_

15.5 0.0_10

15.5 0.0375

15.5 0.03_6

15.5 0.0321

15.6 5.3300

15.6 0.0201
15.6 0.5265

15.6 0.0251

15.5 5,0271

15.5 0.0196

15.5 0.0179

15.5 0.0164

15.5 0.0151

15.4 0.01_6

15.4 0.0131

IB.4 0.0123

15.4 0.0109

15.3 0.00982

15,3 5.0078?

15.2 0.0065?

15.2 5.00564

15,2 0.0049_

15.1 0.00_40

15,1 0.00396

1B.1 6.d0360

15.1 0.00331

1B.1 0.00284

15.1 0.00249

15.1 0.00221

15.1 0.00199

15.0 0.00165

15.0 0.001_2

15.0 0.00125

15.0 6.00111

15.0 0.00100

15.0 0.00090?

15.0 0.000830

15.0 0.000?68

15.0 0.000713

15.0 0,000666

THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL

CONDUCTIVITY OIFFUSIVITY CONSTANT NUMBER

MWICM-K GICM-S SO'CMIS

_ X 1000000

0.1k1 66.5 0,000339 1.06293 1.18

0.198 68.7 0,050029 1.06267 0,W90

0.219 66.1 0.009733 1.06215 0.5k?

0.236 62,3 0,003675 1.06136 0.567

0.251 58.3 0.000630 1.06030 0.578

0.266 54,5 0.000585 1.05898 0.594

0.270 51.0 0.00054; 1.05742 0.614

0.280 50.S 0.006538 1.05707 0.618

0,282 _9.7 0,000534 1.05672 0.617

0,28_ 49.1 0,000537 1.05630 0.611

0,286 48.6 0.000535 1.05505 0.610

0.28B 48,0 0.00_533 1.£5570 0.659

0.290 47.5 0.000530 1.05535 0.609

0.291 _7.0 _,000527 1.05_99 0.610

0.2B3 46.5 0.0G0524 1.05k62 0.612

0.294 _6,1 0.000521 1.05h25 0,61k

0.290 45.6 0.000517 1.05387 0.616

0,351 43.5 0.000_96 1.05186 0.536

0,303 _1.? 0,050A74 1.0_967 0.666

0.303 40.2 0.000452 1.0_730 0.756

0,302 38,B 0.000_32 1.04_76 0.754

0.299 37.7 0.000418 1.0k008 0.803

0.295 36,8 0.000413 1.03933 0,050

0,291 36,1 0.000417 1,03660 0.886

0.287 35,6 0,000_32 1.03401 0.907

0.281 30.2 0,000496 1.02951 0.899

0.280 35,_ 0,000_82 1.02605 0.871

0.282 30.9 :.OGQE72 1.02338 0,852

0.285 36.5 0.000766 1.02120 0.037

0,289 32.2 0.000865 1.01939 0.826

0.293 30.0 0.000972 1.01706 0.01_

0,290 38.8 0.001E_ 1.01656 0.803
0.304 39.6 0.00120 1.015_6 0,79_

0.309 40.5 0.00132 1.01_50 0,786

0.315 41.4 0.00145 1.01366 0,778

0.321 42.3 0.00158 1.01292 0.772

0,32? 43.2 0.00171 1.01226 0.766

0.333 44,1 0.0018_ 1.01167 0.761

0,339 44,9 0.00190 1.01114 0.757

0.3_5 45.8 0.00212 1.01066 0.753

0.351 46,7 0,00226 1.01022 0.750

0.36_ 48,B 0,00256 1.009k_ 0.74_

0.376 50.2 0,00287 1.00879 0,739
0.388 51.9 0.00319 1.00822 0.735

0._00 53.6 0.00352 1.05772 0.732

0._12 55,3 0,00386 1,00729 0.229

0._23 56.9 0.00_1 1.00690 0.726

0.435 58.5 0.00_58 1.00655 0.724

0._6_ 62.5 0.00553 1.00583 0.719

0.k92 66.3 0.00655 1.03525 0.71S

0.520 70.0 D,00763 1,00k78 O,?IZ

0.547 73.6 0.008?8 1.00438 0.?09

0,574 77.1 G.0100 1.00_05 0.?06

0*600 80.5 0.0113 1.00377 0.703

0.627 83,8 0,0126 1.00352 0.701

_.652 87.1 0,0145 1.00330 0.E99

0.?03 93,4 0.0169 1.00_94 0.695

0*752 150,0 0,0201 1.03265 0,691

0.870 112,0 G.0291 1.00213 0.673

0.902 126.G 0.0393 1,G0170 0.670

1,09 140,0 0.0B07 1.0_1S3 0,66?

1.19 152.0 0.0633 1.0013_ 0.666

1,2B 165.0 0.0?69 1.00119 0.665

1.38 177,0 0,0916 1.00107 0,665

1._7 188,0 0,1_? 1.00098 G,666

1,55 200,0 0,12_ 1.00090 0,667

1,73 222.0 0,160 1.0Q_77 0.667

1.89 24S,0 0.200 1.00067 0.66?

2.05 264.0 0.24_ 1.00060 0.66?

2.21 284,0 0,29Z 1,000S_ 0,66?

2.51 322,_ 0.398 1,0004B 0,66?

2.80 359.0 0,517 1.00039 0,666

3.07 394,G 0.649 1,00034 0,666

3o3_ 429,0 0.793 1.00030 0.666

3,60 462*G 0.949 1.00027 0,666

3.85 4B4,0 1.12 1.00025 0,666

_.10 525,0 1,30 1.00023 0.666

k,3_ 556,G 1,_9 1.00021 0,666

4.57 586.0 1.69 1.0_019 0.666

4,80 616,G 1.90 1.00018 0.666

TWOopMAsE eOUNDA_Y

• _ NUMDERS IN T_IS COLUHN HAVE BEEN MULTIPLIEO BY THE INDICATED FACTOR
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THERMOCYNAMIC PROPERTIES OF HELIUM W
16,0 ATHOSRMERE ISOBAR

TEMPERATURE VOLU_[ ISOTHERH ISOCHCRE INTERNAL ENTHALPY ENTROPY CV

CC/; OERIVATIVE DERIVATIVE ENERGY

DEG. K "_ X .01 CC-ATMIG AIMIK JIG JIG J/G-K

2.0 0.05960 1070.0 0,896 3.042 12.71 %.303 2,372

2.5 0,0_04 10/0.0 2.17 3,733 13.43 1,648 %,3?3

3.0 0.06J31 1020.0 3.W7 4,366 14,14 1.926 1,661

3.5 0.06105 948,0 W,$O 5.244 XS,OW 2o215 1.8IW

4.0 G-06296 867.0 5.18 6.067 16,13 2,511 Io917

q,5 0.0653b 7_4.0 5.52 7.166 %7.44 2.818 2,14_

5,0 0,06_97 ?01.0 5,60 0.484 19.02 3.143 2.336

5-1 0.06334 607.0 5,59 8,779 19,3? 3,209 2.I13

5.2 0.J6572 B75.0 %,50 9.086 19o74 3,277 2,309
5.3 0.06600 660.D 5.5b 9,373 20,09 3,342 2.368

5-W 0.06646 645.0 5.54 9.661 20.h4 3°408 Z.372

5,5 0,06634 631.0 5,52 9.95 20,79 3.k?3 7,]78

5.6 0.06?24 616.0 5.49 10,25 21.15 3.538 2.386

_.? 0,06/65 602,0 5,_S 10,55 21.52 3,603 2.394

5.8 0-06307 587.0 S.WZ 10.05 21.89 3.660 2,404

_.9 0.06]50 573.C 5.38 11.16 22.77 3.733 7,415

E.O 0,06_95 $59.0 5,3_ 11,47 27,E5 3.798 2.426

6,5 _,07t41 49]°0 5oll 1].11 24.69 4.126 2-491

7-0 0.07_2_ 43Z,0 q,Bq 1_,08 26.92 4.459 7,562

7.5 0.07765 377,0 4,_W 16.78 29.37 4.800 2,635

8,0 0.03162 331.0 4.22 18,84 ]2,07 5,151 2,706
8,5 0.0]62? 292.0 3.89 21.04 35-02 _,512 2,723

9,0 0.0_168 264.0 3.5_ 23.36 3B,?_ 5.881 7,836

9.5 G,3_T84 2_.0 ]*_5 25.79 41,65 6.253 2.893

10.0 0.10_7 234.0 2.96 28,28 45,75 6.625 2,942

Lt,O 0.11_? 2]W.0 2-45 33.29 52-70 ?.340 3.012

12.0 U.1]_2 2_8,0 2.07 37.96 59.81 7,969 3,048

13.0 &.lSJ3 266.Q 1,_0 42.24 66,61 8.511 3.060

1W,0 0.16_ 284,0 1.59 46,25 ?3,06 8.990 3.0_2

15,0 0.18_b 304.0 1.4] 50.1] 79._9 q.427 3°096

16.0 0.1958 326.0 1,30 5_,01 85.76 9.838 3.111

17.0 0.2110 350.0 1.19 57,81 97,02 10o22 3*161

16.0 0.2260 _?4,0 I,G9 61.54 98.10 1_,57 3,129

19,0 0,2409 390,0 1.02 65,2C lOW,? 10,90 3,135

20,0 0.2566 _27.0 0.9_0 68,80 110,2 11.21 3.140

21.0 0.2?J2 WW?,O 0,089 72.36 116,7 1],49 3,143

22.0 0.28_7 471.0 0.838 75.88 122,9 11,77 3,149

23,0 0.29]0 _95.0 0.7R2 79,36 127,8 12.03 3.14?

24,0 0.31J3 519,0 0.751 82.8: 133.E 12.27 3-148

25.0 0.]27W 543.0 O*llq 86.24 139.3 12,50 3,149

26.0 0,_415 567.0 0.681 59.64 145,0 L2,73 3,149
28.0 9,3693 61_.0 0.623 96.38 116._ 13.14 3.149

30.0 0.3_59 660.0 9.575 103.1 167,_ 13,53 3,149

32,0 0.h743 706,0 0,534 109.7 178,9 13,89 3,148

34.0 0.4514 751,0 0,498 116,2 189,4 14.22 3,Ib?

36.0 0,47]W 796°0 0,468 122.8 200,3 14.53 3.146
38,0 0.5052 040-0 0.W_1 129.3 711,? 14,82 3,14_

40.0 Q,5_19 885,0 0,416 135.8 P_Z,_ 15.10 3.I44

45,0 0.59_2 094.0 0.367 151,9 248,_ 15°73 3,142

50.0 0,66_0 ilO0.O 0._28 167.9 275.5 16-29 3*1W0

56,0 0.7794 121C,0 0._97 183.8 302.0 16.80 3°138

6C,0 0.?_6 1310.0 0.271 199.T 328.5 17,26 3.136

65,0 0.85_5 1420.0 0._4 ° 215,9 35W°_ 17°60 3o134

?O.O 0.92M_ 1520,0 0.231 231.3 30%,1 18,07 3°1_3

76,0 0.98]0 163G.0 O._IE 247.0 407,4 18,43 3.132
80.0 1.054 1730.0 0.201 262.8 _33.E 18,77 3,131

90.0 1.1_2 19_,0 q.129 29_.2 _05.9 19.39 3,129

100.0 1.311 2150,0 0.161 325,5 538.1 19.94 3.128

125,0 1.63_ 2660,0 0.128 403.0 668.4 21-10 3.125

150.0 1,95] 3170,0 0.107 482.0 798.5 22,05 3,123

175.0 _.275 3690.0 0,0914 560,0 928,5 22.85 3.122

200.0 2.59_ 4200.0 0.0000 638.1 ]058.0 73.55 3.122

225.0 2,913 _710.0 0.0711 716.1 1188.0 2_.16 3.121

250.0 3.2]4 6220.0 0,06_9 ?q_.o 1_18.0 24.71 3.12C

779,0 3.55_ 6730.0 0.0581 872,0 1448.0 29,20 3,120

300,0 3.d74 6250,0 0.05_3 9_9,9 1578,0 75,68 3,120

350.0 4.51_ 7270.0 0.04_7 1106.0 1838.0 26._$ 3,119

_00.0 5.154 _290.0 C.O400 1262.0 2097,0 27.15 3.119

450.0 5.794 0320.0 0,0355 1_18,0 2357.0 27.76 3,119

500.0 6.4]_ 10300,0 9.0320 1573.0 2E16.0 26.31 3.118

600-0 7,71_ t2_OC.O 0.0266 1885.0 3136.0 _9.25 3,118

700,0 0.395 t_400,0 0,0228 2197,0 3655.0 30,05 3.118

]00.0 10.2] 16500,0 0,C200 2508.0 4174.0 30.75 3.118

900*0 11.5o 18500.0 0.0178 _820-0 W693.0 31.36 3.118

1000.0 12,]4 20600,0 0.0160 3132.0 5213.0 31.90 3.110

11C0.0 14.12 27600.0 0,014_ 34_3,0 5732.0 32.k0 3,117

1200.0 15,40 2_700,0 0.0133 3755.0 6251°0 32.85 3.117

1300.0 16.6] 26700.0 0-0123 4067.0 6770.0 33.2? 3.11?

1400,0 17.06 238_0.0 0.0114 4378.0 7290,0 33.65 3,117

1500,0 19.24 30800,0 0.0107 4690.0 7809.0 34,01 3,117

J/G-K

CP

2.377

1,413

1,792
2-116

_,459
2.856

3 • 292

3.378

3.k_1

3°_60

3°527

3.580

3,639

3.701

3.765

3.832

3.900

_.270

4.68_

5,134

5.011

6.090

6.830

6.883

7.111

7o124

6.893

6,632
6.53fl

6.473

6,310

6*207

6,11W

6.032

5.959

5,894
5*836

5.785
5-739

5.698

5,662

5.599

5.5k8

9.505

5,470

5-_0

S°414

5,392

5,349

5,318

5,295

9.278

5.264

5.253

5.2_5

5,237

5.227

5.219

S-208

_,202

5.199

5.197

5.195
5*19_

5.19_

5.19_

5,193

5.193

5.193

5.192

5,192
5,192

5o192
5,192

5,193

5,193

5o193

5.193

5,193

5o193

VELOCITY
OF SOUNO

MIS

329,3

33_,2

33_,0

332.9

330,6

325,2

316._

316,T
313.8

313.0

311.6

810.1

308.S

306.9

3@_.3

303*6

301.8

292._

282,7

272.9

263.5

255.1

240°0

242,6

739,1

236.6

738,_

2_2,2
2_?.0

252.6

259*0

265.5

272.0

278._

285-0

291.3

297.5

303.7

309.6

315.5

321,3

332._

3k3°_

353,6

363.6

373.k

382,8

39_.0

k3_,8

N73,_

$@8.8

925,6

541°9

5?2,9

602,_

670.3

731o8

788.6

8k1.5

891.3

938.9

903._

1026.0

1107,0

1183.0

1254,0

1321.0

1446°0

1560.0

I660.0

1760,0
1863.0

19_4.0
20_0.0

2123.0

2203,0

2280,0

• TWO-PHASE _OUNDARY

_ NUMBERS IN THIS COLUMN HAVE BETN MULTIPLIED BY THE INDICATED F_CTOR

fOX



THERMOPNYSICAL PROPERTIES OF HELIUM

16.0 ATMOSPHERE ISOBAR

TEMPERATURE DENSTTY V(OH/OVl V(OPIOU_ -VIDP/DV_ IDV/OT_/VP

OEGoK G/CO JIG ATN-CD/J ATH I/DEG.K

• e X 100

2.| 15.TB 475°0 Z.25 1?9.0 0.00500

Z.5 16.71 11T.0 9._4 179.0 (.01Zl

3.0 16.50 8T.3 17.6 169.0 0.0205

3,5 16.38 F3ol 15°0 155o0 0.3290

4.0 16,11 66._ 16.3 1_0,0 0,0370
_,5 15.78 64.3 16.3 1?_,0 0,0_6

5.0 15.39 65.5 15.6 108.0 0.0519

5.1 15.3| 63.5 15.W 1£5.0 0.053?

5,Z 15.2Z 63,3 15.4 103.0 0,_5_4

5.3 15.13 52.3 15.5 1CO,O 6.055?

5.4 15.05 61.T 15,5 97.1 0.0571

5,5 14o96 61.Z 15.5 94.3 0.0585

5,S 14.87 60.B 15.5 91.6 6.0599

5.1 14.18 50.3 15.k 88,9 0.0613

5.0 14.69 60._ 15.3 86,3 6,06Z8

5,9 14.68 59.6 15.3 83,F 6,06_3

6,0 14.50 59.2 15.2 81.1 4.0658

6°5 14,00 57.7 14.6 69.0 O,O?kt

7,9 13,45 50.3 1_.0 58.1 _.0032
?.S 12.80 55.0 13.4 48.6 0.0934

8.0 12,Z5 53,_ 12.7 40.5 0.104

0.5 11,59 55.1 1_,1 55.9 0.115

9.0 10.91 5Z,T 11.5 28.8 0.12_

9.5 10,22 52.0 11.0 25.0 0.130

10.0 9.555 53,6 13.5 ZZ,3 0.133

11.0 8.351 56.T 9.?5 19.5 _.126

tZ,O ?.379 61.1 q,19 18,k 0.113

13,0 6.653 65.8 8,80 17.7 C.4_2

14,0 6.047 TO.6 8,53 17,2 Q.09Z6

15.0 5,539 T5,6 8.33 10,0 0°0049

16.0 5.107 01.1 8.16 16.7 _.0778

17.0 4.740 86.7 0.02 15.6 0.0716

18.0 _.425 9Z.4 7.90 16,5 0,066Z

/9.a k.15_ 98,2 7,01 16,5 4,0615

20.0 3.91Z 104,0 7,72 16.5 3,057_

Zt.g 3,701 110.0 7.65 16.5 Q,0530

22.0 5.515 115.0 7.58 16,5 0.0506

Z3.0 3.344 1Z1._ 7.57 15,6 0.0_78

Z4*l 3.1_Z 1ZT,_ 7.47 16.6 O.uWS3

ZS.0 5.054 13Z,0 7.47 16.6 G,Q_31

26*0 2,9Z0 130.0 T,38 16.6 0,0W1_

Z0,0 2.700 149.0 7.31 16,6 0.0315

30.0 2.519 160.0 1.25 16.6 _.0346

3Z,O Z.357 17Z.0 7.19 16.6 0.0321

34.l 2.Z15 183.0 T.15 16,6 g,0500

36.0 Z.090 194.0 7.11 16,6 _.JZ81

30,0 1.9?9 204.0 7.68 16.6 0,0265

WO.O 1.800 215.0 7.04 16,6 0.OZ5O

45.0 1.67Z Z_2.O 6,98 16.6 0._2_1

50,0 1.506 Z69,0 6.93 16,6 0°_198

55.0 1.3T1 Z96.0 6,09 16.6 0.0179

60.0 1.259 322.0 6.86 16.5 3.0164

b5.0 1.163 549.0 6,0_ 16.5 0,_151

TO°O 1.002 375.0 6,81 lb.5 0.01_0
T5.0 1.011 401,0 6.79 16.5 0.0131

80.0 0.9492 428.0 6.78 16.4 0.0122

90.0 0,0k57 400,0 6.75 16.4 6.0109
100.0 0.7527 53Z.G 6.73 15._ 0,00981

1Z5,O 0.6127 663.0 6.69 16,3 0.O_Ta6

100.0 O.SLZt ?93,0 6.67 16.3 0.00656

175.0 0._399 922.0 6.65 16,2 0.0056_

200.0 0.3856 1050.0 6.64 16.2 0.G049_

ZZS.0 0.3432 1180.0 6,63 15.Z 0,0043_

_50,0 0.3093 1310.0 6,63 16.2 6._0396

2TS,O 0.2014 1440.0 6.62 16.1 3,_036u

300.0 O.Z58Z 1970.0 6*6Z 15.1 6*06330
350.0 0.2215 1830.0 6.61 16.1 0,&0_8_

400.0 0.1940 2000.0 6*60 16.1 O.OOZ_8

450.0 0.1726 2390,0 6.60 16.1 4.0_21

500.0 0*1554 2610.0 6*60 16.1 0.001_9

600.0 0.1296 3130,0 6*59 16.1 0.0_166

TO0*O 0.1112 3650.0 6*59 16,0 G,OOtWZ

800.0 0.09T32 ktYO.O 6.59 16,0 6.001?9

900.0 0,08694 4690.0 6.59 16.0 _.00111

1000,0 0.07790 5Z00,0 6,_0 16.G 0.0010_

1100,0 0.07084 57ZO.O 6*50 15.0 d.0009_7

1200.0 0.06496 6240.0 6.58 16.0 0*0_0_3Z

1300.0 0.09906 6760.0 6.50 16*G Q.05676_

1400.0 0.0_568 7280.0 6.$0 16.0 J,000713

1500.0 0,0_198 7800.0 6,50 16.0 0.000666

THERMAL VISCOSITY THERMAL DIELECTRIC PRANOTL

CO_OUCTIVIIY DIFFUSIVITY CONSTANT kUMBER

HH/CH-K G/CM-5 SQ-CM/S

"" X IOOCO00

0.142 58.8 0,000356 1.06330 1.15

0,_C0 70,8 0.000846 1,_5304 0.501

0,221 _0.0 0.0007_W 4,06254 0.551

].Z58 64*0 0.00,086 1,_617T 0,570

O,Z_W 59*8 _.Q00641 1,C6075 9,580
0.269 $9,9 0*000596 1.4594_ 0.594

0,_81 92,3 0.000_55 1.057_T 0.61Z

_,_83 51.6 0,00_548 1°05764 0,615

3.786 51.0 0.0&0545 1.GS750 0,61w

_,288 50,W 0,000548 1.05698 0,607

0*_90 _9,8 u.009_47 1.05666 0,666

3.29_ 49.5 D*000545 %,05633 0.6L5

0,294 W8,7 0,000_42 i,05599 O.TCW

].295 48,Z 0,00054G 1°05564 0.6C5

3,Z�T _7.7 0,0_3537 1,_5529 0,6[5

0*298 _7.3 _.00_34 1.0S_W 0.6E7

0.300 _6,8 3,000530 1,15_57 0.609

0.506 _.T C.000_11 1.05_67 0.674

3.3C9 _?.9 O.&OO49u 1,05060 0,650

0*310 _1,5 0.000469 1,C_83T 0.684

3.3C9 59,9 0,0004k9 1,0_599 0.725

0.307 38.8 0.000435 1*4_3_8 0.770
0.364 37.9 0.000626 1,0_488 0,81_

0.300 37.1 3.C00476 1,03827 0,85Z

0,Z96 36,6 0*000_36 1._35_5 0.879

0,Z9_ 36*0 u._;_8T 1._]IZ1 0.886

3.287 36.1 0.C00563 1.02T62 0._67

0.286 36,9 _.00_648 1.}2_ql 0.846

0*Z91 37.1 0.005735 1,0225_ 0,83_

0,294 3T,T O,OGC_2/ I*_2_63 0.8_

3,298 38.5 G.COu�Z6 I.11901 0,814

0*5_3 39,Z 0.CG103 1.0176_ 0.80_

J*308 _Q.1 0.0011_ 1,01646 0.795

3.314 HO.9 0.0u125 1,016_4 0,707

0,519 _1.8 0,0013T 1,41455 0.780

0.325 47.6 0*00149 1,01376 O.T?_

).531 43,5 0,00161 1.]13_5 0.768

0,336 _4.W 0,06174 1,01Z_3 ;.763
3.3_Z _5*3 d*0_187 L.01186 0.?_9

0.3_0 46,1 9.3_200 1.0113_ 0,755

3.35_ _7.0 £,00214 1.01088 0,T51

3,366 48,8 _,;C?_ 1.01005 0.7_5

_.370 50.5 0.04771 1.0_935 O.T_O

0.390 52.2 9,_0301 1,_3_76 0,T36

0.40Z 53,9 _.0033_ L.03_72 0.733

_.41_ 59,5 _.4_3b_ L,_7T6 0*730

0.425 57*1 _,0;3_7 1,_73_ 9,T27

3._37 58.8 3,0_31 1.0369T 6._29

J,466 62.7 _,06521 1,3)67_ 0.770

3,494 66,5 _,00617 1.03558 0._16

_.521 70.2 3,00T1_ I,3050_ 0,712

0.54_ 73,T 0,00826 1.03_67 0,709

0*575 7T.2 3,0_9_C 1.0_31 0.T£6

3,6.2 8D,6 0.010_ 1.39_01 C.TC4

3.625 83,9 0,0118 1,03375 _.701

0.69_ 87.2 0,0131 1,00357 0.699

d,?u_ 93.6 0.0159 1*J3313 0*595

3*753 100,4 0.0189 I.G_283 0,691

0,871 115,0 0.02T3 t,03277 0,6?3

0.985 126.0 3.036_ I.G_194 0.670

1.09 140,3 4.0_7E L._163 0.667

1,19 153.6 0.059_ 1,C_1_3 0.666

I,Z9 165.0 0,07_2 1,_J177 0._66

1,30 177.6 3.0860 I,_.115 C.665

1,_7 188,0 0,101 t.0olD_ 0.666

1,55 2(_,C J.116 I,_)C_6 _,667

1,73 222.d 0.15G 1.6J_8Z 0.6E7

1,89 Z43.0 0,18_ 1,0_477 _.667

Z,05 26_*0 J.Z_ 1,0336_ 0.66T

2.21 28_,_ 4,2T_ 1,33:5_ C.66T

2,51 3Z2*G 0.3T3 I*C_O_S C.66T

Z*8_ 359.0 C*_5 1,C_0_I 0*666
3,07 395,0 3,b0_ 1,;_36 0.666

3.3M _29,_ 0,7_ 1,05_$? 0,6E6

3,60 46Z.0 0,890 I*C34Z9 0*666

3.85 W_,8 1,05 1.0_026 0,666
q.10 575*0 1,21 _._J_7_ 0*666

4,34 556,0 1,39 1.03C22 0,666

_.57 586,5 1,56 1,03621 0.666

_,85 E16,0 1.78 1._1j_19 0,666

TWO'PHASE BOUNDARY

_ NUMBER5 IN T_I5 COLUMN HAVE BEEN MULTIPLIED BY THE INOICAT[D FACTO_



THERMODYNAMIC PROPERTIFS OF HELIUN 4

18.0 ATMOSPHERE 1503AR

TEMPERATURE VOLU_E

GC/G

OEG, K _ X • 01

2,0 0,05895

2.5 0.05_119

3.0 0.05962

3,5 0.06029

4.0 0.00122

_..5 0.00240

5.0 0.06186

5.1 0.06_Ig

5.2 O. 05453

5.3 0.06485

5.4 O. 36_,19

5.5 0.06553

5.6 0.36_88

5.7 O. B6oZk.

5.8 0 • 06562

5.9 O. 06?00

E.0 0.06739

E.5 0.06953

7.0 0.07198

7.5 0°07431

8.0 0.07807

8.5 0.08184

9.0 0.08515

9.5 0.09105
16.0 0.09653

11.0 0.1_)0

12.0 0.1222

13,0 0.135",

1_..0 0.1(,85

15.0 0.1617

tE.O 0.1252

17.0 0 •18d6

18. 0.2019

19. 0.2151

20, 0.2283

21. G.2WI]

22. 0.2542

23. 0.267,]

24. 0.27_)8

25. 0.2-)24

21.0 O._O_G

28.0 0.82_9

3C.0 C._5_5

82.0 0.37_d

34.0 0._]_2

3t.0 C._2t3

3_.0 C.4512

40.0 0._750

45.0 0.5342

50.0 0.5928

55.0 0._511

60.0 0.70_2

EE.O O./StG

7G.0 b._2_7

75.0 0.8822

80,0 0.9_97

90.0 1.054

lflE.O 1.163

125.0 1. _.5_

150-0 1.731

175.0 2.02_

200.O 2.]03

225,0 2.5_)I
250.0 2.370

275.0 3.1u2

300.0 3._47

35_.0 u,. 315

400.0 w._0_

_50.0 b.15_

5CC.O 5./ZZ

606,0 6.863

70C.0 7. 09t

880.0 9-II0

900.0 10.2/

1080.0 11.41

115C.0 12.55

126C,8 18-59

1300.8 1_._

1401.0 15.97

1500.0 17.13

ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY

DERIVAfIVE OEPlVATIVE ENERGY

CC-ATM/G ATM/K J/G J/G J/G-K

1120.0 1.15 3.155 13.91 1.304

1130.0 2.15 3.791 14,59 1.626

1090.0 ].4? W,896 15.2/ 1.896

1026.0 4.54 5.142 1_.14 2.177

937.0 5.26 6.028 17.19 2._65

855,0 5.64 7.086 18.47 2.76_

7?4.0 5.75 8,355 20.00 3.0?8

768.0 5.75 8.539 20,35 3.143

7_.0 5.74 8.936 20.70 3.208

734.0 5.23 9-211 21,04 3.272

719.0 5,21 9.488 21.38 3.335

70W.0 5.69 9.758 21.72 3.398

690,0 5.07 10.05 22.07 3.W61

6_5.0 5.64 10,34 22.h2 3.52_

661.0 5.61 10.63 22.78 3.586

647.0 5,58 10,92 2].Ik _.6_9

633,0 5.54 11.22 23.51 3.712

566.0 5,34 12.78 25.46 _.025

504.0 5.10 IH.45 27.58 _.3_2

447.0 4.32 16,25 29.89 _,664

398.0 4,53 18.17 32.41 _.992

355.0 _.23 20.22 35.15 5.326

321.0 3.92 22.3q 38.19 5.6E7

295._ 3.12 24.66 41.27 6.012

277.0 _.33 27,01 44.61 6.357

263.0 2.80 31.89 51.16 7.045

27E.0 2.38 _6.58 58.35 7.668

28_.0 ?.01 40.98 65.66 8-217

301.0 1.82 WS.O_ 72.18 8.200

318.0 1,b4 48.9q 78.49 9.136

339.0 1.48 52,92 84.87 9,549

361.0 1.36 56.77 91.16 9,930

384.0 1,25 60.54 97,36 10.28
w07.0 1.16 64.26 183.5 10.6Z

431,0 1.08 67,8q 189,5 1_.93

_55.0 1,01 71.wq 115.5 11.22

_79.0 0.954 75.05 121.4 11.49

503.0 9.90i 78.57 127.] 11.75

527.0 0,854 82.05 133.1 12.00

551.0 0._12 85,51 138.8 12.23

57_.0 3.7_3 88.9_ 144.6 12.46

b21,0 0.107 q5.7 _ ISS.q 12,88

668.0 0.652 102.5 167.1 13,27

71_.0 O,E05 189.1 178.2 13.62

759.0 0.56_ 115.7 189.3 13.96

POR.O 0.529 122.3 200,2 14.2?

_49.0 0._9P 128.8 211*1 I_.57
_q&.o 2,6T1 135.3 232.0 14.85

1006.0 0,_1_ 151.5 248.9 15.48

I11C.0 0,371 167,b 275.7 11.0_

1_20.0 0.334 183.5 302._ 1E.55

1320.0 O._OE 199._ 328._ 17.01
1_3C.0 0.23_ 215.3 355.2 17.43

154C.0 3,260 231.1 381,5 17.82

1640.0 0._42 2_6.9 407.3 18.19

1746.0 3.227 262-6 434.0 18._3

1951.0 0.20I 294.1 486.4 19.14

Z166.0 0.181 325.5 _38. A 19.69

2670.0 0.I_ _03.8 609.0 20.86

JlgC.o 0.12_ _81.9 799.1 21.81
370_.0 3.103 569,0 q29.2 22,61

_2111.0 0.0899 638.1 1059.0 _3.30

_720.0 3.07c9 715.1 1189.2 23.91

5230.0 0.0719 794.1 1319.0 _.41

5?50.0 0.00c4 872.1 1_49.3 24.96

0260.0 0.0509 950.0 1579.0 25.41

?250.0 q. C514 1136.2 1838.0 26.21

33ZC.0 0.04_0 1202.0 2098,0 20.90

q;_O.O C.$400 1418.0 2358.3 27.51

IC3GC.O C.0360 1574.0 2E17.£ 28.06

12_80,0 0.3300 1985.0 3136.0 29.01

14_G.0 0,0252 2197.0 3156.0 2°.81

16500.0 0.0725 2509.0 4175.0 31.50

1_506.0 C.0200 2f120,D 4194,0 I1.11

2_600.0 0.0180 3132.0 5218.0 31.66
22600.0 2.81_6 3_43.0 5733.0 32.10

24700.0 0.0150 3755.0 5252.C 32.61

26701,C 0.0138 4067._ 1771.0 33.02

28800,_ 0.0129 4328,0 7290.8 _3.41

30801.0 0.0120 _690.0 7810._ 33.77

CV

2.142

1-333

1.628

1.801

1.9h6

2.117

2.313

2.351

2,367

2.341

2.351

2.358

2.365

2.374

2,384

2.395

2-407

2.472

2.543

2,615

2,684

2.749

2.809

2.864

2.913

2.989

3.032

3.058

3.075
3.090

3,106

3.118

3.128

3.139

3.140

3.14W

3.147

3.149

3,150

3.151

3.152

3.152

3.152
3.15l

3.150

].149

3.148

3.147

3.145

3.142

3.140

3.138

3.136

_.135

3.134

3.133

3._11
3.12q

3.126

].124

3.12_

3.122

3.122

3,121

3.121

_.120

3.120

3.119

3.119

3.119

3.118

3.118

3.118

3.118

_.118

3.118

3.118

3,118

3.117

3.117

J/G-K

CP

2.156

1-369

1.7_8

2.067

2*39_

2°777

3.39_

3.276

3.335

3.35?

3.407

3._59

3.513

3,669

3.627

3.687

3.?48

W.077

_.438

W,826

5,234

5.650

6*05_

6.&15

6*?Ok

6.931

6.845

6.671

6,531

6.W3_

6.337

6.2_k

6.158

6.8?9

6.007

5.9_3

5.88_

5.832

5.784

5.7_2

5.703
5.637

5,582
5.537

5._98

5.466

5,_38

5.414

5.367

5.333

5°307

5.288

5.2?3

5.260

5.251

5.243

5.231

5.222

5.210

5.203

s. Iqg

5.197

5-196

5.195

5.194

5,194

5.193

5.193

5.193

5.192

5.192

5-192

5.192

5.192

5.192

5.192

5.192

5.193

5.193

5.193

VELOCITY

OF SOUND

M/5

337.0

3_3.0

3_3.6

3k3.3

341.8

337.1

329.1

327.5

326.7

326.1

324.8

323°5

322.1

320.6

319.1

317.6

316.0

307._

298,_
289.2

280,3

272,0

26_.7

258.6

253.9

2_8.5

248.3

250.7

258,9

26_.6

270*6

276.?

28_.9

289,!

295*2

301-2

307.2

313,1

318.8

32_.5
335.5

3_6.2
356._

366.4

376.1

385.5

394.E

416.5

_37.2

456.8

475.6

_93.6

510.9

527,E

5_3.8

57_.8

604.1

671-8

733.Z

780.9

8_2,7

892._

939,5

984.3

1027.0

1108,0

1183,0

125_,0

1321._

lk_6,0

1561,0

1668.0

1760.0

1864.0

1954.0

2041.0

212R.0

2204.0

2281.0

TWO-PHASE UOUq_A_Y

"" NUMBERS IN TH[S COLUMN HAVE B_EN MULflPL[E£ BY THE INDICATED FACTOR
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18.0 ATMOSPHERE [50BAR

THERMOPHYSICAL PROPERTIES OF HELIUM

T ENPERk TURE OEMSIT¥ V(OHlOV) V (DPIOU) v -V (OPl DV) T (DVIDT)/V
p P

DEG,K G/GC J/G ATM-CCIJ ATM 1/DEG.K

• _ X IOE

E.O 16.96 356.0 3.15 169.0 _.JQ6Q5
2.5 16,90 122.b 9,54 191.G 0._112

3.0 16.TT 91.8 12,7 18Z .0 0.0%90
3.5 16.59 76.6 15.2 168.0 Q,0269

W.0 16.30 69.7 16.5 153 .& L •&3_,3

W.5 16.03 6?,5 L6,6 137 .0 0.0_,11

5.0 15.66 67,k 15.9 121.Q @.3474

5.1 15,58 67.5 15,7 118 .0 _.0485

5.2 15.50 07,3 15,7 116,0 _. UW95

5.3 15.WZ 66.3 15,8 113.0 G .0507

5.4 15.3_, 65.8 15.8 110,0 0,0518

5.5 15.25 65.3 15.8 1[,7 .Q 0.C53:

5.6 15.15 6k.9 15.8 1(;5.0 0.05¢*2
5.7 15.10 6k.5 15.7 102 .0 _ .0554

5.0 15.01 64.1 15.7 99,2 0.4566

5,9 1_, • 93 63.B 15.6 96,5 0.05;'8

6.0 14.86 63.5 15,5 93.9 J.0590

6,5 14.,38 62.1 15.0 81.4 C.0656

7.0 13.09 60.g 1_*.4 70 *0 0*0728

7.5 13.3Z 59.5 13.8 59.8 0.0806

8.0 12.81 58.8 13.2 50,9 _.0890

8.5 12,2Z 56.0 12.6 c.3.4 _._gTM

9.0 11.61 57.5 12.G 37.2 G.105

9.5 10.9_ 5T.3 11.5 32.k 0.112

10.0 10.36 57.6 11.0 _8 .7 0.116

11.0 9.178 59.8 10.2 2_.I 0.116

12.0 8.186 63.0 9.59 22.1 G.108

13.0 7.385 67.9 9.13 21.0 0.0982

14.0 6.702 72.6 8.80 20 .2 G.*1900

15.0 6.18_ 7T.3 8.56 19.7 0.0832

%6.0 5,709 82.b 0.37 19.3 0.0767
17.0 5.303 88.1 8.21 19.1 9.0}'09

18.0 4.953 93.6 8.08 19.6 0.0658

19.0 4.64.8 99.2 7.96 18.9 0.0613

20.0 k.381 105.0 7.07 18.9 0.0573

21.0 4.145 111.0 7.78 18.9 u.0538

22,0 3.934 116.0 T .71 18.8 0°,'506

23.0 3 • 71',5 122.0 7,64 18.8 0.0478

2_,.0 3.575 128.0 T.58 18.8 0.0453

25,0 3.420 153.0 7.53 18.8 0.0_31

26.0 3.2r9 139.0 7.48 18.8 0.0411

28.0 3.031 150.0 7.40 18.8 3.03?5

30.0 2,821 161.0 7.33 18.8 0. 034,6

3Z.0 Z.639 172.0 7.27 18.8 0.0321
34.0 2.400 184.0 ?.22 18.8 0.0300

36,0 2.340 195.0 ?.18 18.8 0.0281

30,0 2.216 206.0 7.14 18 .B 0.0265

_,0,0 2.105 216.0 7.10 18.8 0.0250

45.0 1.8r2 Zb4,0 7.03 18.8 0 • _220

50.0 1.687 270.0 6.98 18.7 0.0197

55.0 1.536 297,0 6.93 I8.T 0.0179

60,0 1.410 324.0 6.90 18.7 0.0163

65,0 1.304 3§0.0 6.87 18,6 0.0151

7' 0.0 1.213 377.0 6,84 18.6 0 • 01_,0

TS.O 1.134 405.0 6.82 18.6 0.0130

80.0 1,084 4Z9,0 6,80 18.6 0.0122

90.0 0,94.85 482,0 6,77 18.5 @,_109

100.0 0.8556 534.0 6.75 18.5 0.00978

125.0 0.6877 66k.0 6.71 18.4 O. 00784

150.0 0.5750 79k. 0 6.68 18.3 0. 00655

1TS,O 0,4941 924.0 6.66 10.3 0.00563

200.0 0.4332 1050.0 6.65 18.2 0.00493

225.0 0.3856 1180.0 6.64 18,2 0. 00439

25;0.0 0.3b75 1310.0 6.63 18.2 0. 00395

275.0 0.3162 141e0.0 6.63 18,2 0°00360
300.0 0.2901 1570.0 6.62 10.2 0.00330

350.0 0.2490 1030.0 &,61 18.1 0.00283
400.0 0.2181 Z090.0 6.61 18.1 0.00Z48

_,50.0 0.19_1 2350.0 6.60 18 .1 0.00221

500.11 0.17kS 2610.0 6.60 18,1 0.00199

600.0 0.1658 3130. _ 6.59 18.1 0.0016_

700.0 0.1250 3658.0 6.55 18.1 O. 00142

800.0 0,109_ ¢',170 , _ 6.59 18,0 0,00125

900.0 0.09733 4690,0 6,59 18.0 0.00111

1000o0 0.08762 5218.0 6.58 18.0 0.00100

1100,0 0.07968 5730.0 6.58 18.0 0.00090?

1200.0 0.01305 6240.0 6.58 18.0 0.000832

1300.0 0.06744 6760,0 6.5_ 18.0 0,000768

1400,0 0.06263 7280.0 6,58 LS.0 0.000713

1500.0 0.058_,7 7000,G 6.58 18.0 O.d_O666

THERMAL VISCOSITY THEPMAL DIELECTRIC PRANDTL

CONDUCTIVITY DIFFUSIVITY CLNSTANT NUMBFP

MW/CM-K G/CM-S SQ-CMIS

'' X 1L00000

J,2_3 75.1 _.QO[BZT 1.06_75 0,5(7
0.225 71.9 _.3J.75_ 1._328 u.S_9

_,_2 67.5 _._C_Zb_ 1.C6256 0,575

3.259 _2.9 O.GGLE62 1._516_ 0.5_2

_.274 58,7 G._LJEI6 1,36_w1 G,S_5

J.288 54.9 0.Jd_575 1.05900 0.610

O.ZgG 54.2 _.C._SE8 I._5_7_ _,E12

J.292 53.5 6.00_5E6 i,S5_38 0,61_

0.295 52.9 O.DD_56g 1,05_08 0.6C3

3.297 52.1 O,CG_SE8 1.0577@ 0.600

o.zgg 51,7 6.000566 1.057_7 0.598

3.311 51.2 0.000565 1.05716 0.59?

0,303 50,6 G,00_562 1.C568_ C,596

J.3_5 50.1 0.00056C 1,05652 6.596

0,307 Wg.6 0.00u557 1.05619 C.597

0,3_8 wg.I 0.0_055W 1.05586 0.5g_

J.315 _6.9 _.03;537 1.55_12 G.6;7

0.320 W5.G J,000518 i._522_ 0,625

0,322 W3.W 3.00C699 1.3532W 0.651

0.322 42.0 J.00G481 i.G_811 Q,682

0.321 w&,8 _.00_465 1.0_5_6 8.719

0.319 39.8 O.OCOWSw 1.04353 Q.756

_,316 39.0 _.0004_8 1,0Wl16 0.793

0.313 38.4 0._0J_50 1._3880 0.8_W

_.306 37,6 0,000_81 1.33_33 0,q53

0.302 37.5 0.000539 1._3059 0.850

0.301 37.? Q.000612 1,02757 0.83S

0,3b3 38.2 0.CG0688 1.02511 0.B24

0.305 38.8 0,000767 1.02305 0.817

0.309 39._ 0,_0JB53 1.02127 O,BlO

0,310 40.2 0o0G0944 1.01975 0,8C2

0.317 40.9 0,0010W 1.01844 0.795

0.322 _1.? 0,0_114 1.01730 0.768

0.327 42,5 0.0012W 1,01630 0.782

0.332 43.4 0.d01_5 1.015W1 0.776

0.338 wW,2 3.001RE 1,01463 _.770

_.343 45.1 0.00157 1,01392 0,766

0.349 45.9 0.00169 1,01329 0.761

_,3_5 46,8 _.00181 1.01271 0.757

0.360 47.6 0.60193 1.01215 0.75_

0.3?2 _9.3 0.00218 1.01126 0.748

0,383 51,0 0,00_4_ 1,01047 0,7R3

0.395 52,7 0,00270 1.0_9_0 0.738

0.407 54.3 0.00298 1.00921 0.735

3.418 56.0 0.00327 1.00869 0.732

0.430 57.6 0.00357 I.;3_22 0.729

J.441 59,2 0,00367 1.007_1 0.726

0._70 63.1 _.00_67 I.;063_ 0.721

_.497 66.8 _.00553 1,30626 0.717

0.525 7_.5 0.U_6_4 1.30570 0.713

0.552 ?_.1 0.007_{ 1._J523 0,710

0.578 77.5 3,008_2 1.03_3 O,?C?

0.6_5 80,9 0,00g_8 1,_u_50 0.70_
g,631 84,2 G,010E 1.03_20 0,701

0.666 87.5 C,Ul18 1,01394 _,6gg

0,7_6 93,8 _.0I_2 1.0J]51 0,695

0,755 1C0,0 0.0169 1,00317 0.691

0.873 113,0 0.024_ 1.00255 0.6?3

0,g85 127.0 G.0329 1.00213 0.669

1.09 140.0 0.0425 1,001_3 G,667

1.19 153.0 0.053C 1.00160 0.666
1.29 165,0 0.0643 1,001_3 0,665

1.38 177,0 G.0766 1.C31Z9 0,665

1.47 189,0 0.0895 1.0d117 0.666

1,56 200.0 0.103 1.00107 0,667

1.Z3 222,0 ;.10_ 1.00092 0.667

1.8g 243,0 0,167 1.00_81 0,667

2,06 26_*0 0._0_ 1,03072 0,667

Z.21 284.0 0.24_ 1.00065 0,66?

2.51 322.0 0.332 I.uJ05W 0,66?

2.80 35g.0 0,431 1.00046 0,666

3.07 395,0 0.541 1,_00M1 0,666

3.34 429.0 0.661 1,30036 0,666

3.60 462.0 0,791 1.00032 0.666

3.85 494.0 0,931 1.00029 0.666

4,1u 525.0 1,08 1.000_7 0,666

k.3_ 556.0 1,24 1.00025 0,666

4.57 586,0 1,41 1.03023 0,666

4,80 616.0 1.58 1.00022 0,666

• TWO'PHASE BOUNDARY

_ NUHBERS IN THIS CCLUMN HAVE BEEN MULTIPLIE_ BY THE INOICATED FACTOR

]]i



TMERNOOYNAMIC PROPERTIES OF MELIUH k

20.0 ATMOSPHERE IS09AR

TEMPERATURE VOLUHE ISOTHERM

CC/S DERIVATIVE

DEG. K *" X .01 CC-ATN/G

2.0 0,0S_3h 1160.0

2.S 0.05050 1190.0

3.0 0.35898 115_.0

3,5 0,05q60 1080.0

_.0 0.06_6 1000.0

h,5 0.06155 924.0

5.0 0.06788 8_5.0

5.1 0.04_18 d30.0

5.2 0.063_0 819,0

5.3 0.0o378 804,0

6,4 0,06_00 790-0

5.6 0.06439 775,0

6,6 0,06470 761,0

5.7 0.06603 7_6.0

5.0 0.06936 732.0

5.9 0.06571 718,0

6,0 0.06606 704.0

6.5 0,06795 636.0

7.0 0,07010 674.0

7.5 0,07254 516.0

8.0 0.07531 464.0

8.S 0.078_7 _18.0
9,0 0,00205 380.0

9.5 0.08608 349.0

10._ 0.09057 325,0
11-0 C-10_9 798.0

12.0 0.t123 296.0

13.0 0.1239 305.0

14.0 0,1355 320.0

15-0 0.1471 336.0

16.0 0.1591 354,0

17.0 0.1710 374.0

18.0 0.1029 396.0

19.0 0.19_8 419.0

20,0 0.2066 442.0

21.0 0.21_4 465.0

22.0 0.23_0 408.0

23.0 0,2_16 512.0

24.0 0.2531 536.0
25.0 0.2645 559.0

26.0 0.2750 583.0
28.0 0.2984 630.0

30.0 0.3207 676.0

32.0 0-3*28 722-0

34.0 0.3647 768.0

36.0 0.3865 813.0

38.0 0.4081 858.0

_0.0 0.4296 903.0

46.0 0._830 1010.0

50,0 0.53S9 1170.0

55.0 0.9885 1230.0

60.0 0,6_8 13_0.0

65,0 0,6930 1440,0

70,0 0.79_9 1550.0

75.0 0.7968 1650.0
80.0 0,8_5 1760,0

90.0 0.95t8 1960.0

100,0 1._55 217C.0

12_.0 1,312 2690.0

150,0 1.568 3200.0

175,0 1,325 3rlO,O

200.0 2,001 4220.0

275,0 2,337 4IWO,O

250.0 2,593 5250.0

275.0 2.S_9 5760,0

300.0 3.105 6274.0
350,0 3,617 7290.0

400.0 4.129 8320,0

450.0 4.641 93_0.0

500.0 5.15] 10400.0

600.0 6.177 1240G.0

700.0 7.20t 1_500,0

804.0 8.225 16500.0

900.0 9.749 18500,0

1000.0 10.27 20600.0

1100.0 11-30 22600.0

1200.0 12.32 24700.0

1300.0 13,35 26700.0

1400.0 14.]7 2B_OC.O

1500.0 16._3 30_00.0

ISOCHOR( INTERNAL ENTHJLPY ENTROPY

DERIVATIVE ENERGY

_TNtK JIG JIG J/O-K

1._5 3.269 15.09 1-302

?.15 3.857 15,73 1.605

3.47 4.436 16.39 1.868
k,07 5.153 17,73 2.142

5.33 6.006 18.26 Z-_?Z

5,7_ 7.026 19,50 2,714

5.88 8.254 21,00 3.020

5,88 8.529 21.33 3.083

5,89 8.816 21.50 3.1_7

5.88 9.08? 27._1 3.209

5.87 9.349 22.35 3.270

6,85 9.62C 22.67 3.331

5.83 9.893 23.01 3.392

5._1 10.17 23.35 3.4_3

9.78 10.45 23.70 3.51q

5.76 10,73 24.05 ?.574

5.73 11.02 24.41 3,635
5.5_ 12.61 26.20 3.938

5._2 1_.11 28.32 4.242

5,07 15.82 30.52 4.949

4.80 17.64 32.90 4.859

_-_2 19-58 35.43 5.174

4.23 21.62 38.25 5,494

3,q5 23,7E 41.21 _,016

3._7 25.99 44.34 E.141

3-12 30.77 91.17 6.798

2.60 35,37 58.12 7.409

2.33 39,00 64.91 7.996
2.05 M3.98 71._5 _-4_3

1.04 _7,95 77.76 0.800

1.67 51,91 34.14 9.292

1.53 59.79 90.44 9.67_

1._1 59-59 96.6? 1C.03

1.31 63.34 I07.0 IC,36

1.22 67.02 108.9 10.67

1.14 70.65 114._ 10.97

1.07 7_.24 120.9 11.24

1.01 77.79 126._ 11.51

0,958 81.31 132.E 11.75

0.910 84.80 138._ 11.99

0.867 88.26 144,2 12.22

0.792 99.10 155.6 12.64

0.729 101.9 166.9 13.03

0-676 108.6 178.0 13.$9

0.631 115.2 189.1 1_.73

0.591 121.8 200.1 14.04

0.556 128.4 211,1 14.34

0.52_ 13_.9 272-0 1_.62

0,462 1_1.1 2N9.0 15.25

0._12 167.2 275.0 15.82

0.372 183,2 302.5 16.33

0.340 199.2 329.0 16.79

0.312 219.1 395.5 17._1

0.289 230.9 381.9 17.60

0.269 246.7 400.? 17.97
0.252 262.5 439.k 18.31

0.224 294.0 486.0 18,92
0.201 325.4 539.1 19.47

0._60 403.7 669.E 20.6_

0.133 481.9 799.8 21-99

0,114 $60.1 929.8 22.39

0,100 638.1 1060.0 23.08

0.0880 716.1 1190.0 23.70

0.0799 794.1 1320.0 24.24

0.0727 872.1 1449.0 74.7_

0.0666 950-1 1579-0 25-19

0.0571 1106.0 1839._ 25.99

0.0499 1262.0 2099.0 26.68

0.0M44 1418,0 2358._ 27.30

0.0400 157_.0 2618.0 27.84

0.0333 1085.0 3137.0 28.79

0-0285 2197.0 3656.0 79-99

0.0250 2609.0 4175.0 30.28

0.0222 2820.0 4695.0 30.09

0.0200 3132.0 521_.0 31._

0-0182 3_44.0 5733.0 3].94

0.0167 3755.0 6252.0 32.39

0.01_4 4067.0 6772.0 32.88

_.0t43 4379.0 7291.0 33.19

0,0133 4690.0 7810.0 33.95

CV

1-953

1.297

1.596

1.708

1.917

2.092
2.291

2.330

2. 347

2.327

2.332

2.339

2. 347

2.357

2.367

2.378

2,390
2.457

2.628

2.999

2.667

2.730

2.709

2.8_3

2.891

?,971

3,018

3.04.8

3. 068

3.063

3,101

3.115

3.126

3.134

3.1_0

3. 144

3.148

3.150

3.t02

3.153

3.194

3.155

3.15_

3.19k

3.153

3.152

3.151

3.150

3.147

3.1k5

3.143

3.140

3.139

3.137

3.136
3-13_,

3.132

3,130

3.127

3.175

3.124

3.123

3.122

3.122

3,121

3,121

3,120

3.120

3.119

3.119

3.11q

3,118

3.118

3.118

3,118

3.118

3.118

3.118

3,118

3.118

JIG-K

CP

1.966

1.331

1.707

2.012

2.336

2.706

3.111

3.190
3.246

3.265

3.311
3.359

3.409

3.k61

3.51k

3._69

3,626

3-925

k.250
N.594

N.954

5.321

5,685

6,028

6.330

6.607

6.734

6.632

6m910

6.420

6.342

6,263

6,185

6.112

6,04_

9.981

9.92_

5.671

9.823

_.T80

S.740

5.677

5.614

9.966

5.525

5._90

5.k61

_,38_

5._N7

5.319

5.298

5.281

9.266

5.297

9.2N8
5.235

5,225

5.211

5.20_

9.200

5.198

9,196

5.195

9.194

5.194

5.193

9.193

5-192

S.192
5.192

5.192

5.192

5.192
5-192

6.192

5.192

5.192

5.192

5.193

VELOCZTY

OF SOUND

34N.1

351.3

352._

353.0

352.2

340.2

3_|.8

339.4

338.?

338.2

337.0

335.8

33N._

333.2

331.8

330.4

328.q

321.0

312.6

30_.0

299.9

287,5

280.1

273.7

268.k

260.6

2_8.5

2_9,k

_62.1

265.7

270.7

276.1
281.8

287,6

293. k

299-3

305.1

310.9

316.6

322.3

327.8

338.7

349.2

399.4

369.2

378.8

388.2

397.3

N19.0

439.6

459.1

477.8

499.7

513.8

529.6
545.8

576.6

605.9

673.k

734,6
791.1

8_3,9

893._

940._

985.3

1028.0

1109o0

118N,O

1255-0

1322.0
1447.0

1961.0

1668.0

1769.0

106k.0
1954.0

2041.0

2124.0

2204,0

2201.0

" TWO-PHASE EOUNOARY

_" NUMBERS IN THIS COLUMN HAV_ _EFN MULTIPLIED BY THE INDICATED FACTOR
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29,0ATMOSPHEREISOBAR THERMOPHYSICAL PROPERTIES OF HELIUM 4

tEMRERATURE OEWSIT_ VIOHIOV_ V(ORIOU(

DEG. K G/CO JIG ATM-CC/J

eo X 100

2.0 17.1_ 269.0 W.IW

2.5 17.0/ 125.C 9.71

3.0 16.96 95.8 12.8

3.S 16.75 79.8 15._

_.0 16,5_ 22.8 16.8

_,S 16.Z5 70.8 16,9

5.0 15.90 71,1 16.1

5.1 15.63 71.2 16.0

5.2 1S.75 71,1 15.9

5.3 15.68 T0.1 16.1

5._ 15.61 69,5 16.1

5.S 15.63 69.1 16.1

5.6 15._3 66,r 16.1

5.? 15.38 68._ 16.0

5.8 15.30 60,0 16.0

5.9 15.22 6T.8 15.9

6,0 15ol; 57.5 15.0

6,5 1;,?Z 66,3 15.3

T.0 1;.27 65.3 1;.6

?.3 13.T3 6;.; 1;.2

8.0 13.20 63.5 13.6

0.5 12.TW 62.8 13.0

9.0 IZ.13 62.2 12.5

9.3 11.62 61.9 11.9

10.0 11.0; 61.9 11.S

11.0 9.907 63,3 10.6

12.0 8o907 66,Z 10.0

13.0 8.0?1 70.2 9.;6

lk.0 7.379 T_.7 9.08

15.0 6.737 79.3 8.79

16.0 6.257 OW.W 8.57

17.0 5.8_T 89.5 8.;0

18.0 5.;66 95.0 8.25

19°0 5,133 101.0 8.12

20.0 ;.8_0 106.0 8.01

21.0 _.579 112,0 7.92

22.0 ;.3_7 117.0 7.83

23.0 ;.139 123.u 7.76

2_,0 3.951 129.0 7.70

25.0 3.780 13_.0 7.6;

26.0 3,625 1_0.0 T.50

28,0 3.331 151,J 7.;9

30,0 3.110 162,0 7._1

32.0 2*917 173.0 7.35

3;,0 2,7k2 105._ T,29

36.0 2.588 196.0 T.2_
38.0 2._30 207._ 7.20

_0.0 2,3_6 218.0 7,16

_5.C 2._10 2_5.0 7.08

50.Q 1.0_6 272._ 7.02

55.0 1._9 298.0 6.97

50.G 1.550 125._ 6.93

_SoO 1._3 352.0 6.9_

70,0 1.3W2 378.0 6,87

80.Q 1.179 _31.0 6.83

90.0 1.031 _83.@ 6.79

100.0 C.9k80 _35.0 6,77

125._ 0,7623 666.0 6.72

130.0 0.6176 796.C 6.69

lTS*O 0.5_81 926.0 6.67

2_U.0 0._506 1060.0 6,66

225.0 0.;279 1190.G 6.65

250._ 0.35S7 1320,@ 6.6_

275.0 0.3510 1;50.0 6.63

3J0.0 0.3221 15T0.0 6,63

360,0 0.2?65 1830.0 6.62

_00.0 0,2_22 2090.0 6.61

_50.0 0.2155 235@.0 6.61

500.0 0.19W1 2610.0 6.60

6_0.0 0.1619 3130.0 6.60

730.0 0.1309 3650.0 6.59

800.0 0.1216 ;170.0 6.59
900.0 0.1081 ;690.0 6.59

1GJQ.O O,GYT3_ 5210.0 6,59

llJO._ 0.08651 $730.0 6.$8

12_0.0 0.00115 6250.0 6.50

13_0.0 0.07;92 6770.0 6.56

1;00.0 0.06950 7280.0 6.56

150_.0 0.05;95 7800.0 6.58

-VIDP/DV) T ¢OV/OT)/V P

AIM 1/OEG. K

199.0 0.00730

203.0 _.0106
19_.0 O,U176

181.0 _.0252

166,0 0.0321
150.G 0.0382

13_.0 0.0_38

131.0 G.0_8

12_.0 0.0k56

126.5 0._966

123.0 0.0;76

120.0 0.0;66

118.0 0.0_96

115.0 0,0506

112.0 0.0916

109.0 0.0527

1£1.0 0.0531

93,7 0.0592
81.8 0.0651

71.1 0.0713

61.6 0.0780
53.3 0.00;8

_6.3 0.091k

_D.5 0.097_
35.9 O,1GZ

29.6 0.106

26.3 0.102

2;.6 0._9;_

23.6 0._871

22.T 0.0810

22.2 0.0752

21.9 _.0699

21.6 0.0651

21.5 u._608

21.; 0._570

21.3 d.0536

21.2 0.0505

21.2 O.Ok?_

21,2 0._53

21.1 0.U_31

21.1 O.GklO

21.% 0.0375

21.1 0._3q6

21.1 0.0321

21.1 _.0299

21.0 _.0281

21,0 ¢.026_

21.0 0,0250

E1.0 0,_22_

20.9 u.0197

20.9 0._t78

20,8 _,_15_

2_.8 _.013_

20.7 @._122
20.6 0.0106

2_.6 _._0976

20.5 0.00783

20.; 0.0C65_

L0,3 _.Q0962

20.3 0.0J_9_

20.3 5.00W38

20,2 J.00395

20,2 G.00359

20,2 0.0033_

20.2 C.00283

20.1 0.002_5

2d.1 _.v_221

20.1 0.00199

20.1 0.00166

20.1 0.001;2

20.1 5.00125

20.1 0.00111

20,0 0.000_07

20.0 0.00_831

20.0 0.000768

20.0 0.0_0713

20.0 _.000665

THERMAL VISCOSITY THERMAL OIELFCTRIC PRANDTL

CONOUCTIVITY OIFFUSIVITY CONSTANT NUMBER

MW/CM-K G/CM-S SQ-CM/S

_" X 100_0_0

0.1k5 78.3 0.000;29 1.06k69 1.06

0.206 79.6 0.0009_7 1.06;k3 0.51_

_.229 75.9 0,000791 1.06398 0.566

0,2k6 71.0 O.00J73U 1,06330 0,580

0.263 66.1 0.000682 1.06Z39 0.586

3.279 61.5 _.000635 1.06126 0.596

0.29; 57.5 0.00059_ 1,0599; 0.609

J.296 56.7 0.000587 1,05965 0.611

0.299 56.0 0.00050_ 1.05936 0.609

0.301 55._ 0.000568 1.05900 0.600

0.30; 5;.7 0.0_0567 1.05880 0.597

0.3_6 5;.1 0.000986 1,05851 0.59_

0.308 53.5 0.000585 1,05822 0.593
0.310 53.0 0.000583 1.05792 0.591

0.31_ 52._ 0.000581 1.09762 0.590

0.31; 51.9 0,000576 1.05732 0,590
0.315 51,; 0.000576 1.05701 0.590

0,32W ;9.1 0.00_561 1.05539 0.595

0.329 k7.1 0,0005;3 1.05367 0.608

0.333 _S._ 0,000525 1.05183 0.62T

0.33k ;;,0 0.000508 1.0;989 0.652

0.33; ;2.7 0.0_0_93 1.0_786 0.661

0.333 ;1.7 0.000;80 1.0_STk 0.713

0.330 ;0.8 0._00;72 1.0W357 0.7;5

0.328 ;0.1 0.000;69 1.0_138 0.776

0.321 39.2 0.000_85 1.03709 0.816

0.316 38.8 0.000527 1.03331 0,027

J.31; 38.9 0.00_587 1.03015 0.821

0.315 39.3 0.000655 1.0275_ 0.012
_.31T 39.8 0.000725 1.02536 O.80T

3.319 _0._ 0.0008&0 1.023;; 0.803

_.322 ;1._ 0.00_8B0 1.02179 0.790

_.326 ;1.8 0.00096_ 1.02036 0.79Z

0.330 _2.5 0.00165 1,01911 0.707

_*335 _3.3 _.00115 1.01801 0.781

3.3_0 _.1 0.0012_ %.0170; 0.776

0,3_5 kk*9 0.0013k 1.01617 _.771

_.350 ;5.7 0.001_ 1.01539 0.767
0.355 W6.6 0.0015_ 1.01_69 0.763

0.361 _7.; 6.00165 1*01_05 0.759

_.366 _8.2 0*00176 1.013;7 0,756

_.378 _9.9 0.00199 %.0_2_S 0.750

3.389 51.6 0.00222 1.01158 0.7_

0._0 53.Z _._2_6 1,J%_ 0.7;0

0._11 5k.B b._Zl( %._L[1R 0.736

0._23 56._ 0,00298 1._1961 0.733

3._3_ $8.0 0.0_32_ 1._910 0.730

3._73 _3.5 $.0_5 1.C]768 Q.722

0.5_1 07.2 C,C_SL2 1.)]692 0.717

0,524 70.9 _._ 1,0J6_0 0.71_

_,5H1 77.9 U.00763 1.00935 0.707

0.633 9w.5 C,0096C 1.03_65 O*TC2

0.659 87.5 d._1_7 1.C_IT 0.699

0*709 9_.1 6*0125 1.0_389 0.695

0.758 1_0.b 0.0153 1.03351 0.691

J.873 113.0 0.0220 1.03282 0.673

0.9B6 12T*_ 0.0297 1.00236 0,669

1.09 lk0.0 _.0363 1._J203 0.667

1.19 153.6 O.O_TB 1,0_178 _.665
1.29 16S.0 0.038C 1.u0158 0.665

1.38 177.0 0.0690 1.001_3 0.665

1.;7 189.0 0*5807 1.0_130 0.666

1,56 2_0,0 0.0931 1.00119 0.667

1.73 222,0 _.120 1.03102 0,66T

1.9_ 2k3.0 0,151 1,00090 0.66T

2.06 26_.0 0.18_ 1.0)080 0.667

Z.Z% 28_,0 0*228 1.000T2 0,667

Z,S1 322._ 0.Z99 1.00060 0,666

Z.8_ 359.0 0.388 1,00051 0.666
3.06 39S,_ 0,_87 1._03_5 0,66b

3,3_ ;Z�.0 0,595 _*0_0;0 G,666

3.60 _62,b 0.712 1,GJ036 0.666

3.85 ;9;.0 0.838 1.0;033 Q.666

W*I, 525,d 0.972 1.0uC3D 0.666

_.3_ 556,0 1,11 1.C_028 0,666

;.57 586.0 %.27 1,00026 0,666

_o80 616,0 1,;2 1.G_02k 0,666

* TWO-P_ASE BOUNDARY

"_ NUHBER_ IN THIS COLUMN HAVE BEEN HULTIPL[ED BY THE INDICATED FACTOR
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THERHOOYNAMZCPROPERTIES OF HELIUM 6
25,0 ATMOSPHERE IS09AR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTNALPY

CC/G DERIVATIVE DERIVATIVE ENERGY

DEG. K _ X .01 CC'ATN/G ATM/K J/G J/G

B-O 0.05696 1260.0 2,50 3.559 17,99

2,5 0.05r21 1310.0 2.25 6.051 18.54

3,0 0,05756 1290,0 3.50 6,575 19,16
3.5 0.05809 1230.0 _,68 5.227 19.94

6.0 0.05882 1160.0 5,51 6.007 20,91
6.S 0.05973 1090.0 5.98 6.969 22.08

5.0 0.06083 1010,0 6.16 8.093 23.50

5.1 0,08107 1000.0 6.J8 8.350 23.82

5.2 0.06132 986.0 6,19 8.619 26.15

5,3 0,06156 972.0 8,19 8,866 2_,46

5.6 0,06181 958.0 6,19 9.115 26.7?

5.S 0.06206 963.0 6.18 9.365 25.09

5.6 0.86231 929,0 6,17 9.619 25.40

5.7 0.06257 915.0 6.16 9.875 25.7]

5.8 0,0528_ 901.0 6.15 10.13 26.05
5.9 0-06311 887,0 6.13 10,60 26.38

6.0 0,06339 873.0 6.11 10,66 26,?2

6-5 0.08488 805.0 5.97 12.0_ 28._?

7,0 0.06652 TEO,O 5.79 13.50 30,_5

7,5 0.06835 680.0 5.59 15,05 32.37

B.O 0,07038 625.0 5.36 16,70 3_.53

e.5 0,07256 576.0 5.12 18.66 36.84

9.0 0.07513 529,0 6.87 20.26 39,30

9,5 0.07789 _90,0 6.62 72,17 _1.91

10.0 O,OB09Z 656.0 W.36 24.17 46.66

11.0 0o08798 605.0 3.86 28.52 50.89

12.0 0.09991 379.0 _,36 32.97 57._?

13,0 0,1045 372.0 2,96 _?.37 63._3

16.0 0,1132 376,0 2-62 61.62 ?O.XO

15.0 0,1221 386.0 2,35 45,69 76,62

16.0 0.1312 600.0 2,14 49,68 82.93

17.0 0.1405 _16o0 2.96 53.60 89.20

1B-O 0.1698 636.0 1,81 57.46 96._2

19.0 0,1592 _56.0 1.67 61.27 101-6

20o0 0.1685 676.0 1,56 65.02 107.7

21,0 0,1779 696,0 1.46 68,7? 113.8

22.0 0.1872 518.0 1.37 72.37 119._

23o0 0.196_ 5_0-0 1.29 75.99 125.7

24.0 0,2056 562,0 1.22 79.57 131.7
25,0 002146 585.0 1.16 83.12 137.5

26.0 0.2240 608.0 1,11 86.63 143._

28.0 0.2621 656.0 1.01 93.59 156.9

30,0 0.2601 700,0 0,927 100.5 166.3

32,0 0.2T79 7_6.0 0.858 107.3 177,6

36,0 0.2956 792.0 0,799 11_,0 180.9

36.0 0.3131 838-0 0.767 120.7 200.0

38,0 0.3306 883.0 0.707 127.3 211.0
60.0 0.3_79 928.D 0,663 133,9 222.0

65,0 0.3909 1060.0 0.581 150.3 269._

SO.O 0.6835 1150.0 0.518 166.5 276.3

55.0 0.4758 1260.0 0.668 182,6 303.1

60.0 0.5179 1360.0 0.626 196.6 329.8

65.0 0.5597 lk?O.O 0.392 B16.5 356.3

70.0 0.6016 1500.0 0.36_ 230.6 382.8

75.0 0,6_30 1680.0 0.330 246.3 409.2

O0.O 0.6865 1790-0 0.316 262.1 635.5

90.0 0,76r3 1990.0 0.288 293.7 688.0

100.0 0.8_98 2200.0 0.251 325.2 568.6

125,0 1.056 2720.0 0.200 403.6 671.0

150o0 1,261 3230.0 0,16? 481.9 801,3

175.0 1,666 3760.0 0.163 560.1 931.4

200,0 1,671 _250,0 0,125 638.2 1061,0

225-0 1.876 _T70.0 0.111 716.2 1191-0

250.0 2,080 5280.0 0,10C 796.3 1321,0

275.0 2.285 5790.0 0.0908 872.3 t_51.0

300.0 2,690 6300.0 0.0832 950.3 1581.0

350.0 2.899 7320.0 0.0713 1106.0 1861.0

600.0 3.30_ 83_0.0 0.6626 1262.0 2100.0

650.0 3,718 9370.0 0.0565 1418o0 2380,0

500o0 6.128 10600.0 0-0699 1576.0 2619.8

600.0 6.967 12600,0 0,0_16 1886.0 3139,0

700,0 5.786 14500.0 0.03_7 2197.0 3658,0

800.0 6,SBS 1650Q,0 0.0312 2509,0 4177.0

900.0 7.60_ 18500.0 0-0278 2821.0 6E96.0

1000.0 0,22_ 20600,0 0.0250 _132.0 5215.0

1100.0 9,0M3 22700.0 0,0227 3666.0 5735.0

1200.0 9.862 86700.0 0.0208 3756.0 6256.0

1300,0 10,60 26800.0 0,0192 4067,0 677_.0

1600.0 11,50 28800,0 0.0178 6379,0 7292,0

1500.0 12.32 30900.0 0,0167 6891.0 7812.0

ENTROPY

J/G-K

1.289

1.559

1.807

2.066

2.330

2.605

2.B95

2.956

3.015

3.073

3.131

3.109

3,26E

3.306

3.361

3.618

3._75
3.757

_.039
_.320

4.602

_.885

5,170

5.455

5.741

7._31
7.915

6,353

B,760

q.lk0

9._96

9.829

10,16

10.6_

10.72

10.98

11.26

11,68

11.70

12,13

12.53

12.89

13.23

13.55

13.85

lk.13

14.77
15.36

15,85

16.32

tE.Th

17.13

17.50

17.06

18.66

19,01

20.17

21.12
21.93

22.62

23.23

23,78

26.28

26.73

25.53

26.22

2E.83

27.38

28.33

29.13

29.82

3_.63

30.98

31.47

31.93

32.36

32.73

33,08

CV

1.587

1.226

1.521

1-690

1,86?

2.036

2.2_3

2.283

2.302

2.283

2,290

2.299

2.308

2.319

2-330

2.3_2

2.355

2.625

2._98

2.570

?.637

2.700
2.757

2.009

2.856

2.939

2.992

3.027

3.052

3.070

3.091

3.107

3.120

3.130

_.13_

3.1_

3.1_9

3.153

3.155

3,157

3.159

3.161

3.161

3,161

3.160

3.159

3.158

3.157

3.154

3.151

3.169

3.146
3.16k

3.142

3.140
3.139

3.136

3.134

3.130

3.128

3.126

3.125

3,12_
3.123

3.122

3.122

3.121

3.121

3.120

3-120

3.119

3.119

3.I[q

3.119

3.119

3.118

3.118

3.110

3.118

3.118

JIG-K

CP

1.619

1.250

1.617

1-902

2.212

2,668

2.9_8

3.021

3.073

3.087

3.127
3.169

3.212

3.267

3-303

3.351

3.399

3.653

3.921

6._00

6.685

4.775

5.065

5,350

5.523

6.076

6.329

6._05

6.379

6.323

6.291

6._67
6.197

6.143

6.C90

6.037

5.987

5.939

5.09_

5.892

5.812

5.742

5,681

5.629

5.594

5.565

5.512

5.602

5.423

5.380

5.36?

5.321

5-301

5.205

5.272

5.261

5,265

5.233

5.216

5.207

5.202

5.199

5.197
5.195

9.196

5-196

5.193

5.193

6.192

5.09Z

5.192

5.192

9,192

5.192

5.192

5.192

5.192

5.192

5.192
5.192

VELOCITY

OF SOUND

M/S

360.2

369,7

372,8
37_.1

379.9

373.1

366.9

365.6

365.2

36_.9

366.0

363.0

361.9

_60.8
359-6

350.6

357.2

350.6

363,1

335,6

328-1

320.8

313,8

307.6

301.6

291,1

284.9

282.3

282.3

283.8

287.1

291.1

295.5
300.3

305,3

310.5

319.7

321.0

326.3

331.5

336.7

347.0

357.1

367.0
376._

389.9

?95.0

k03,9

625.3

665,6

46_.9

_83.3

901.1

518.1

536.6

950.6

581,2

610,2

677.2

738.1

796.3

8_6.8

896.2

963.1
987.7

1030.0
1111.0

1186.0

1257.0

1323.0

1460.0

1963.0

1669.0

1770o8

1865.0

1955.0

2062.0

2125.0

2204-0
2281.0

TWO-PHASE BOUNDARY

_ NUMBERS IN THIS COLUMN HAVE BEEN MULTIPLIED BY THE INDICATED FACTOR
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THERMOPHYSICAL PROPERTIES OF HELIUM 4

2S.O &THOSPHERE ISOBAR

TEMPERATURE OEMSZTY V(OB/BV_ VIDP/OU) v

DEG, K 61CC J/G ATM-CC/J

*_ X 100

Z*O 17.56 163.0 8.97

2.5 17.48 LZB.0 16.5

3.0 17*37 103.0 13,3

3.5 17*Zl 86*b 16.1

4.0 17.00 FB.S 17.5
4,5 16.74 70.3 17.5

S.O 16.44 YB,S 16.7

5.1 16.37 79.8 16.5

S*2 16,31 79*8 16.5

5o3 16.24 78.7 16.7

5.4 16.18 /8.3 16.1

5*S 16.11 TT.9 16.7

S.6 16.05 T7.6 16.T

S,Y 15.90 7T.3 16.6

S.8 15.91 77.0 16.6

S.g 15.88 76.8 16.5

6,i 1S.70 78.6 16.4

6.5 15.41 TS,9 16.0

T.O 15.03 /5.3 15.4

7.S 14.63 7b,8 1_.9

8.0 14.21 74.3 14.3
8,S 13.77 73.7 13.8

Y.O 13,31 73,Z 13.3
g.s 12.84 72.9 12.8

10.0 1Z.36 72.7 12.4

11,| 11*37 72.9 11.5

IZ.| 10.43 74.4 10.8

13.| 9.574 r7.1 lO.2

L4.0 8.831 80.8 9.74

15.0 8.191 84.9 g.36

16.0 F,619 89.S 9,09
17.0 7.117 94.4 8.86

18.0 6.674 99.4 B.67

19.0 6.28Z 105.0 8,51
Zi*O 5.9]4 110.0 8.37

21*0 5.6Z8 115.0 0.26

Z2.0 S.343 121.0 8.15

23.0 S.OYl lZ6,0 8.06

24.0 4.863 132.0 7.98

25.0 4.655 137,0 7,90

26.0 4.465 143.0 7,84

28.0 4.131 1§4.0 7,7_

30,0 3.8k5 165.0 7,62

32.0 3.599 176.0 7.S4

34,0 3.383 187.0 7.47
38.0 3,194 198,0 7.41

38.0 3,025 209.0 7.35

40.0 2.874 220.0 7.31

_B*O 2.558 248.0 7.21

50.0 2.307 275.0 7.13

ss.g 2,102 3_2.0 7.07

60.0 1.931 328.0 7.02

65.0 1.787 355.0 6.98
70.0 1.6&3 382*0 6.94

75.8 1.555 408.0 6*91

80.0 2.461 434,0 6.89

90.0 1,303 487.0 6,85

100.0 1.177 539.0 6.81

125.0 0.9474 670.0 6.76

150.0 0,7932 8|0.0 6.72

175.0 0*6822 930*0 6.70

ZO0.O 0.5986 1060.0 6.68

228.0 0.5332 1190.0 6.66

250.0 0.4807 1320.0 6.65

275.0 0.4376 1450.0 6.64
300.0 0.k016 1580.0 6.6k

350*0 0,3449 1840.0 6.63

400.0 0.3022 2100.0 6,62

450.0 0.2889 2360.0 6,61

SgO.O 0.2423 2620.0 6,61

600.0 0.2022 3140.0 6.60

700.0 0.1734 3660,0 6.59

800.0 0.1S19 4170.B 6.59

900.0 0.1351 4690.0 6.59

1000.0 0.1216 5210.0 6.$9

1100,0 0.1108 5730.0 6.59

1200.0 0.1014 6250.0 6.58

1300,0 0.09362 6770.0 6.$8

1_0,0 0.0089S 7290.0 6.58

1500.0 0.88116 7810,0 6.50

• TWO*PHASE BOJHDA_Y

e_ NUMBERS IN THIS COLUMN HAVE

-V(DPIO¥) T ¢OV/OY_/V

AFN IlDEG. K

22_.0 0.0113

230.0 0.00981

224.0 0,0156

212.0 0,0220

190,0 0.0278

182.0 0.0328

186.0 b,0371

163.0 0.0378

181.0 0.0385

158.0 0.0392

1SS.B 0.0400

152.0 Q.0407

149,0 O.OHIW

146,0 C.0421

1_3,0 0.0429

140.0 0.0_36

138.0 0.044_

124.0 0.C_81

111.0 O,OSZQ

100.0 0,0561

88.8 0.060;

79.1 0.0648

70.4 0.069Z

62.9 G.0734

56.3 0.077_

46.0 0.0834

3g.S Q.0851

36,6 0.0830

33.2 0.0789

31.6 0.07_

30.5 0.d7_3

29.6 0.0662

20.0 0.0623

ZS.S 0,G587

28.1 0.0554

27.9 5.0524

27.7 0.0496

27.5 0.0_71

27.4 0.0_7

27.2 0,0426

27,2 Q.0407

27.5 0,0373

26.9 0,03_

2_.9 0,0319

26.8 0.0298

Z6.7 0,u279

26.7 0.0263

26.7 0,02;9

26.6 G*5219

26.5 0.0196

26.4 0.0177

28.3 _,0162
26.3 0.01_9

26.2 0.0138

26.1 0._129

26.1 0.0121

26.0 Q.0108

25.9 5,00973

25,7 0.007?9

25.6 5.03651

25.5 0,00559

25.5 b.o0_gQ

25.4 0.00_37

25.4 0.00394
25.3 0._03S8

25.3 &.0_329

29.3 0.002_2

25.2 0,00248

ZS.2 0,0_22_

25.2 _.00198

25,1 G,00168

25.1 0.001_2

25.1 8.&0124

25.1 0.00111

25.1 0.C0100

25.1 0.0009_6

25.1 0.000831

25.1 G._00767

25.C 0.000712

25.0 0.000665

BEEN MULTIPLIED DY THE INDICATED FACTOR

115

THERMAL VISCOSITY THERMAL DIELECTRIC PRANOTL

CONDUCTIVITY DIFFUSIVITY CONSTANT NUMBER

HWICM*K GICM-S SQ'CM/S

_ X 1&@0000

0,14T 91.2 0,00&518 1.0663_ 1,OC

0.214 91.2 0.000971 1.06599 0.537

0,238 86.1 _.000846 1._6S59 0.586

0.2_6 79.9 0,000782 1.$6498 0,594

0.274 73.9 Q.000729 1,C6;16 9,597

0,292 6B.6 0.Q00678 1.@6316 _.6_4

_.3_7 63,9 _*O&u_3_ 1.C62Q0 0,613

0.31Q 83.: 0,0_627 1.&6175 0.614

0.313 62,Z _,0&_25 1.06149 5.610

0.316 61.4 _.0_63_ 1.d6125 G.6C0

0.319 60.7 5,00063_ 1.06100 0,596

_,321 60.0 0,000629 1.06J75 0,$92

0.324 59,3 0,0006_8 1.06050 0.589

0.326 58.7 0.05_627 1._602_ Q.$86

0.329 58.1 0.000625 I,_9998 0.983

0.331 57.5 0.00_624 1.05972 0,$82

0.333 56.9 0.000622 1.0S905 0.580

0.3;3 $4,2 0.0006_9 1.058_6 0.578

0,351 52.0 0.00_$95 1.05660 0,582

J.356 50.1 0.06_579 1._5506 0.591

3.360 _8.5 3,0_056_ 1.0534S 0,6_S

0.362 47,1 0.000550 1.0S176 0.622

_.362 46.0 _*_5537 1.0500_ 0.643

0.362 45.C 0.006527 1._;822 0.665

0.360 4_,2 0.000_18 1._4639 0,68_

0.355 42,9 0,000515 1.0_264 0,733

0.350 _2.2 0.000531 1.03905 0.762

d.347 _1.9 0,00_565 1.03582 0.774

0.345 _2.0 0.000612 1.03302 0.777

0.345 42.3 0.00066S 1._3_6J 0.776

0.3;5 42.7 _.00072_ 1.028_5 0.778

3.34? w3.Z 0,00078_ 1.02656 0*770

0.3;9 43.8 d.00084_ 1.02489 0.778

_.352 04.5 _.0_912 1,02342 0.776

0.35S 4S.2 0.00C983 1,02211 0*774

3.359 45.9 0.00116 1.02995 0.771

0.363 46.6 0.00114 1.01990 0.768

0,368 47,4 G,0_122 1,01896 0.766

3,372 _8.1 0.00130 1.01_10 0.762

_,377 48.9 0,00138 1.01732 0.759

_,382 _9.7 0.00147 1._1661 0.757

U,392 51.3 0.00165 1.D1536 C.751

0.402 $2.9 0,00184 1,B1430 0.7_7

0,013 54,S 0*00204 1,01338 0,743

U.42k $6.0 ;.002_4 1.01_57 _,739

0.434 57.6 _*0_245 1.0_186 0.735

O.;;S 59.1 0.0_267 1.0%12_ 0.732

0.k56 60.7 0,00289 1.01067 0.730

_.483 64.5 0.003_8 1._50 0.72;

0.510 68.1 0,0C;11 1.3)856 0.719

_.$36 71,7 _.03_77 1.09780 0.71S

J.563 75.2 0.605_8 1.00716 5,711

d,589 78.6 0.06622 1,0_663 C,7_8
J,61S 82,0 ]*u07_ 1,b_617 _.7U5

0.640 8S,3 _.00781 1.01577 0,7_2

0,66S 88.5 _.Q0866 1,uQ_2 C,7£j

0,715 94.? 0.0105 1,00483 Q.6_5

0.763 1_1.0 0,012_ 1.0_436 _.691

0.80_ 114.0 0,0178 1,_0381 0.673

0.991 127.0 0._2_C 1._;29_ 0,669

1.10 1;1.0 Q.0309 /,_J253 0.66?

1.2_ 153,0 0,0385 1,_222 G*665

1,29 16S.0 0.0;67 1.0J197 0.66_

1.39 177,0 0*0555 1,30178 0,66h

1,_7 189._ 0.06_9 1,3616_ 0.665
1,56 200,_ 0.07;8 1._1_ 0*667

1,73 222,0 0*0967 1,0_128 0.667
1,90 24;*0 0.121 1.00112 0.666

2._6 26;,0 £,147 1,0J10_ 0,666

2.21 284,0 0.126 i,_3090 0*666

2.51 323,0 0,2;_ 1,_7S 0*666

2,80 359.0 0.311 1.0006; 0*666

3,_8 395.0 _.39C 1.03056 0.666

3,34 429,0 0,47? 1,00_50 0*666

3.6& 462,0 0,5?0 1.0)045 0*666

3,85 ;94,0 _,671 1.000_1 0.6&6

4.10 52S,0 0,?70 1.0J038 0,666

_,34 $56,0 0*892 1*QJ035 0*666

_.57 586,0 1.01 1.33032 0.666

_,8[ 616.C 1.1_ 1,_]_0 0.6&6
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TENPERATURE VOLUNE ISOTHERH ISOCHORE INTERNAL ENTHALRV
CC/G OERIVATIVE OERIVATIVE ENERGY

O(G* K o_ X .01 CC°8TN/G AIR/K J/G JIG

2.0 0.85572 1320.0 k.01 3.849 20.79

Z.S 0,05603 1430.0 2.E2 6.276 21.31

3.0 0,05635 1420.0 3. E1 6.753 21-80

3,5 0.05682 1360,0 6.80 5.348 22.62

4.0 0,05745 1310.0 5.67 6.067 23053

4.5 0.05825 1260.0 6.18 6.947 26,65

5,0 0.05919 1170.0 6,40 8,026 26.02

5.1 0.05939 1150.0 6.43 8.265 26.32

5.2 0,05961 1160.0 6,45 8°526 26.64

5*3 0,05981 1130.0 6.46 8.757 26*94

5.6 0.06002 1120.0 6.46 8.591 27.23
5.5 0,06023 1100,0 6.46 9.228 27.54

5.6 0.06066 1090.0 6._6 9.466 27.84

5.T 0.06066 1070.0 6._5 9.708 28.15

5-8 0.06088 1060.0 6.46 9.95 28.46

5.9 0.06111 1060.0 6.63 10.2_ 28,7?

6.0 0.06134 1030.0 6.41 10._5 29.09

6.5 0.06257 963,0 6,31 11.7k 30.76

7.0 0.06392 890.0 6.17 13.11 32.5k

7.5 0.06539 836.0 6.00 14.56 34.43

8.0 0.06700 775.0 5.00 16.05 36.45

0,5 0.068?5 225.0 5059 17.70 38.60

9.0 0.07067 676*0 5,37 15.38 40.07

9.5 G.07275 63100 5.14 21.15 43.26

10.0 0.07502 592.0 4,51 22.90 65,70

11,0 0,00021 525.0 6,42 Z?.04 51.42

12.0 0,08612 400.0 3,95 31.27 57.45
13.0 0.09261 456.0 3.53 35.54 63.E9

14.0 0.09965 _48.0 3.16 3R.76 69.99

15,0 0*1065 449.0 2.85 43.88 76.24

16.0 0.1132 656.0 2.60 _7.85 62.42

17.0 0.1212 667.0 2.38 51.77 68,61

18.0 0.1281 481.0 2.Z0 55.65 96,77

19,0 0,1363 497.0 2.06 59.48 100.9

2000 0.1640 51500 1.90 63*26 107,0

21.0 0.1516 536-0 1.76 67.00 113.1
22.0 0.1593 554.0 1.67 70.78 119.1

23.0 0.1670 576.0 1.58 76.36 125.1

24.0 0.17_6 596*0 1._9 72,98 131.1

ZS-O 0.1822 617.0 1*42 81.52 137.0

26.0 0.1898 639.0 1.35 85.1_ 162.8

26,0 0.2050 686.0 1.23 92.18 154.5

30.0 0.2200 729.0 1.13 99.13 166.0

32.0 0.2349 274.0 1.04 106.0 177.4

36.0 0,2697 819.0 0.969 112.8 188,7

36.0 0.2645 866*0 0.906 119.6 199.9

36.0 0.2791 909.0 0.851 126,3 211.1

40.0 0.2936 954.0 Q.80_ 132.9 222.2

45.0 0,32_7 1070,0 0.703 149,4 249.6

5000 0.3694 1180-0 0.626 165.7 276.8

55,0 0.4008 1280.0 0,564 181.9 303.7

60.0 0._359 1390,0 0.51k 198.0 330.5
65.0 0,4709 1500.0 0.472 216.0 352.2

70,0 0.5058 1600,0 0,437 230,0 383.7

75.0 0*5405 1210.0 0.406 245,9 410.2

60.0 0.5752 1620.0 0.380 261.8 436.6

90.0 0.6442 2020,0 0.336 253.4 489.2

100.0 0.?131 2230.0 0.302 324.9 541.7

125.0 0.80_7 2750.0 0.241 _03.5 672.4

150.0 1.056 3260.0 O.ZO0 481.9 802.0

175.0 1.227 3?70.0 0,171 560,1 933*0

200.0 1,397 4290.0 0.150 638.3 1063.0

225.0 1.568 4800.0 0.133 716.3 1193.0

250.0 1.739 5310.0 0.120 796.4 1323.0

275.0 1.909 5820.0 C.lOg 872.4 1653.0

300.0 2.080 6330.0 0.100 950,4 1583.0

350.0 2.621 7350.0 0.0856 1106.0 1842.0

400.0 2.F62 8370.0 0,0?69 1262.0 2302.C

650.0 3.103 9390.0 0,0666 1418.0 2362.0

500.0 3.466 10400.0 0,0599 1574.0 2621.0

600.0 6.122 12500-0 0.0499 1886.0 3140.0

t00.0 4.809 16500.0 0.0428 2198.0 3659.C

800.0 5.492 16500.0 0.0375 2509.0 4175.0

900.0 6.17_ 18600.0 0.0333 2821.0 4698*0

1000.0 6.057 20600.0 0.0300 3133.0 5217.0

1100.0 7.560 22700.0 0.0272 3_44,0 5736.0

1200,0 8.222 24700,0 0.0250 3766.0 6255.0

1300.0 8,909 26800.0 0.0231 4068,0 67?5.0

1400.0 9,580 28800.0 0.0214 4379.0 7294.0

1500.0 10,27 30900.0 0.0200 4691.0 7813,0

[NTROPY

J/G-K

1.262

105 16

1.754

1.999

2.250

2.013

2.791

2.84?

2.905
2,961

3.016

3.021

3.126

3.181

3.236

3.290

3.346

3.613

3.879

4.146

4*400

4.672

4.R34

5.197

5.459
6.003

6.536

7-038

7.510

7.944

8.342

0.7t?

9.070

9.402

9.715

10.01

10.29

10.56

10.81

11.05

11.20

11.71

i2.II

12.60

12,02

13.24

13.44

13.73

14030

14-95

15.66

15.93

16.36

16.75

17.11

17.65

10.07

18.63

19-79

20.76

21.55

22.24

22.85
23.60

23.90

24.35

25.15

25.84

26.45

27.00

27.95

28.75
29*54

30-05

30.60

31.09

31.55

31-96

32.35

32.71

CV

1.373

1.101

1.454

1.610

1.704

1.902

2.201

2.2q3

2.264
2.2k6

2.255

2.264

2.275

2.287

2.299

2.313

2.327

2.400

2.4?6

2.549

2,618

2,680
2.730

2.70q
2.836

2.q20

2.977

3.015

3.062

3.062

3.083

3.101

3.115

3.127

3,136

3.166

3.169

3.156

3-158

3,160

30162

3.165

3.166

3.167

3,166

3.166

3.165

3.164

3.160

3.157

3.154

3.152

3.149

3,147

3.140

3.143

3.140

3.138

3-133

3.130

3.128

3.127

3.125

3.125

3.124

3.123

3.122

3.122

3.121

3.121

3.120
3.120

3.120

3.119

3.119

3.119

3.119

3.119

30119

3.118

JIG-K

CP

1.650

1.216

1.542

1.810

2.112

20456

2. 025
2 • 896

2.945

2.955

20992

3.030

3.070

3.111

3.153

30196

3.239

3.667

3. 706

3.946

6.191

6.438

6.683

6.925

5,161

50592

$.913

6,100

6.172

6,173

6.186

6.177

6.155

6.123

6.088

6.049

6,009

5.970

5. 931

5. 894

5. 858

5.791

5.131

5,E78

5.632

5.591

0.555
5.523

5.698

5.610

5.372

5. 343

5,320

5.301

5. 286
5.274

5.255

S. 241

5. 221

5.210

5.206

5.200

S. Iq?

5 • 196

5.195

5.194

5.193

9 • 192

5.192

5.192

5.192

5.192

5.192

S. 192

5.192

5.192

5.192

5. 192

5,192

5.192

VELOCITY

OF 50UNC

M/S

376.3

385.8

390.9
39409

396.8

396.9
389-5

388.5

388.1

388.0

387.2

386.6

385.5

366-5

38305

382.4

381.3

379.4

368.9

362.1

355.6

348.7

342.2

336.1

33004

319.1

310,8

305.7
303.3

302.9

304.5

307.1

_10.3

31601

318.2

322.6

327.2

331.9

336.6

341.5

346.3
359.9

365.5

374.9

384.2

393-3

402.1

410.0

431.0

451.7

4TO.?

488.9

006.4

523,3
939.7

555.5

S85.0

614.6

681.1

741.E

?97.5

849.7

898.9

965.6

990.1

1033.0

1113.0

1168.@

1258.0

1325.0

1469.0

1564.0

1670.0

1771.0

1866.0

195600

2042.0

2125.0

2205.0

2202.0

* INO-PNJS[ BOUNDARY

_o NUHBERS IN THIS COLUHN H&VE B6EN HULT[RL[EC 5Y THE INOICATED FACTOR
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30.0 ATNOSPflERE [SO8AR

TEMPER&TURE OEHSITY V(OHIOV_ V(OP/OU) v

OEG.K GICC J/3 ATH-CC/J

=_ X 100

Z.O 11.9S 85.9 16.3

2,5 17.85 123.0 11.9

3.0 17.T5 108.0 14.0

3.S 17.60 91o3 16o9

N.O 17,40 85.1 1003
N.S 17.17 84,7 18.2

5.0 16,90 67,0 17,Z

5.1 16.84 87.5 17.0

5,2 16,78 8?.6 1?.0

5.3 16,T2 86,4 17,2

5.6 16.66 86.1 17.2

5.5 16.60 85.8 17.2

5,6 16.54 85.5 17.2

5.7 16.J49 85.3 17.1

5.8 1E.42 65.1 17.1

S.9 16.36 85.0 17.0

6.0 16.30 8k.g 15.9

6,§ 15.90 84,5 16.5
?.0 15.65 84.4 15.9

7.5 15.29 84.2 15.4

8.0 14.93 83.9 14o9

8.5 14.55 83.7 14.3

9.0 14.15 83.4 13.9

9.S 13.76 83.1 13.4

10.0 13.33 8Z.9 13.0

11.0 12.47 82.7 1Z.1

1Z.0 11.61 83.4 11.6

13,0 10.81 85.1 10.8

14.0 10.06 87o9 10.3

15.0 9.393 91.4 9.90

16.0 8.792 95.5 9.58

17.0 8,Z$Z 100,0 9.3Z

18,0 ?.?69 105.0 9.09

19.0 70330 10900 8.90

20.0 6.946 114.0 8,73

21.0 6.595 120.0 8059

ZZ.O 6.278 125.0 8._6

Z3.0 S.990 130.0 8,35

24.0 5.727 156.0 8.25

25,0 5.458 141.0 8.17

26.0 5.260 146.0 8.09

2800 4.879 157.0 ?.95

30.0 4.565 168.0 7.83

3Z.0 4.257 179.0 7.73

34.0 4.004 191.0 ?.65

36.0 3.701 ZO2.O 7.57

38.0 3.503 213.0 7.51

40.0 3.k06 224.0 7.45

4500 3.033 251,0 7,33

50.0 2.737 278.0 ?.24

55.0 20455 305.0 T,17

60.0 2.294 332.0 7.11

6S.0 2.1Z_ 359.0 ?.06

70.0 1.977 385.0 7.02

75.0 1.850 412.0 6.98

8000 1.739 438.0 6.95

gO.O 1.552 491.0 6.90

100,0 1.402 5k3.0 6.86

125.0 1.130 67_._ 6.79

15000 0.9472 804.0 6.75

175.0 0.8153 934.0 6.72

200.0 0.7157 1060.0 6.76

22S.0 0.6378 1190.0 6.68

250.| 0.5752 13Zd. O 6o67

275.0 0.5238 145000 606E

300,0 0._808 1580.G 6065

350.0 0.4131 1640,0 6.63

400.0 0.3621 210000 6.63

450.0 0.3222 2360.0 6.62

500.0 0.2903 2620,0 6.61

600*0 O.ZbZ3 3140,0 6.6C

70000 0.20?9 3660.0 6,60

800.0 0.1821 4180.0 6.59
900.0 001020 4700.0 6.59

1000.0 0.1458 5Z20.0 6.59

1100.0 0.1326 5?30.0 6.59

1200.0 0*1Z16 6Z50.0 6.58

1300.0 0011Z3 67?0.0 6.58

1400.0 0.1043 7290.0 6.58

1500.0 0.09737 7810.0 6.58

"V(DPIOV) T (DVIDT_/V

ATH I/DEG.K

238.0 0.0169
255.0 0.00980

252.0 0.01,3

2_Z,0 0.0198

228.0 0.0Z4_
213.0 0,0290

197.0 0.0325

194,0 0.0331

192.0 0.0336

189.0 0,03_Z

186.0 0.0348

183.0 0,0353

180._ 6.0359

177.0 0.0365

174.0 0,0370

171.C 0.03T6

168.0 000382

154.0 0.0410

140.0 0.0_39
120.0 0.0469

116,0 0.0499
1_5.& 0,053_

95.6 0.0562

86,8 0.0593

78.9 0.0623

65.4 000676

55.7 0.0709

_9.2 0.0717

45.0 0,_702

42.2 0.0675

40.1 0._6_0

38.6 0,0610

37,4 U.0588

36.5 G.0559

35,8 0.0532

35.2 0.0506

34,0 0.0481

3_.4 0,0_59
34.1 0.0430

33.9 0.0k18

33.7 0.0400

33.3 0.0368

33.2 0.0340

32.9 0.0316

32.8 0,0296

32.7 0.0277

32.6 0.0261

32.5 0.02_7

32.3 0.0217

32.2 0.019_
3Z,0 0,0176

31.9 0.0161

31.8 0,01_8

31.7 0,_138

31.6 0,0120

31.6 0,0120

31,k _.01_7

31.3 0.0096_

31.1 0000774

30.9 0._0648

30.8 C,00557

30.7 0.00489

30.6 0.00_35

30,5 b.00392

30.5 0000357

30,_ 0,G_328

30.4 0.00282

30.3 0.002_7

30.3 0.0_220

30.2 0,00190

30.2 0,C_165

30.2 &,00142

30,1 0,00124

30,1 0.00111

30.1 0,0J10_

30,1 _.000905

30.1 000_003_

30.1 _,000767

30.1 G.000712

30,1 0*000665

THERMAL VISCOSITY THERMAL DIELECTRIC PRANOrL

CONOUCTIVITY OIFFUSIVITY CONSTANt NUMBER

HW/CM-K G/CM-S SQ-CM/S

"" X 1CGO00_

}.150 lC5,0 G,0U0576 1,06703 1,02

0.221 1_4.0 0,001_2 1._67k2 0.571

0.2_6 96.8 0.0Q0898 1.06733 0.6C7

_,265 09.Z 0,000832 1.066_6 0.609

0.28_ 82.0 0.003?73 1,C6571 0.610

0.303 75.7 0.00_717 1,_6k80 0,615

0.320 70,3 C,000670 1.96375 0.621

0.323 69.3 0.0_0662 1.36353 0.621
0.326 68,3 0.000660 1._633J 0.617

0.329 67,5 0.000666 1.06308 0,606

0.332 66,6 0,000E66 1._286 0.600

0.335 65,8 Q.000666 1.06263 0.596

0.338 65.1 0,00_665 1,062_0 0,591

003_1 64.3 _.000664 1._6Z17 0.587

0,343 63,6 0.000E63 1.0619_ 0.58_

_0346 62.9 0,000662 1._6171 0.581

0.348 62,3 0,000660 1.06147 0.579

0*360 59,3 ;.000649 1,06_24 0.571

0.369 56.7 0.000637 1.05895 0.5?0

0,376 54.6 0,0036_3 1._760 0.5?3

0.381 52,8 _,003619 1.05620 0.560

0.385 51.2 0.003596 1.3547_ 0,591

0.387 49.9 0,000584 1.05323 0,604

0.388 48.8 0.000573 1.05168 0.620

0.388 47.8 0.00656_ 1,;50_9 6.637

J.385 46.3 0.000552 1.04681 0.673

0.381 _5.3 9,00055_ 1.0,355 0,70_

0.377 44,8 0.000572 1.040_6 0,726

0.373 _4.6 U*_JOE_Z 1,03765 0,737

0.372 W4.? _.000_41 1._3514 0,?42

0.371 k5.G 0,0C0682 1,03207 0.750

0.371 45.3 _.000728 1,03083 0.755

0.372 45.8 0,0;0778 1.CZ901 0.758

0.374 k6,k 0.060032 1.02738 0,760

D.376 _7.0 0,000889 1,6_592 0,760

_.379 _7,6 0.00_98C 1,02460 0,76_

0.382 48.3 _.001E1 1,C234_ 0,760

0,386 49,Q 0.001C8 1.02232 0.758

0.389 49,7 0.0_115 1,0213_ 0.757

J.393 50.4 0.0_122 1._0_k 0.755

0.398 51.2 _.OOtE9 _.01962 0.754

J,407 52,7 0.001_4 1.01816 0.750

0.416 54,2 _,Q_tE& 1._1691 0.?46

0,_26 55.7 0,_0176 1.C1583 0.?_3

0,436 57._ 0.00193 1.01489 0.739

0,446 58.7 u.00211 1.01406 0.736

0.456 6_,2 0,00229 1.0133_ 0.734

_.467 61.7 O.GuZ_8 1._1266 0.731

0,493 65,_ 0.0C298 1._1127 0.725

_.519 69.1 0.0035C 1._1_16 0,7_

005_5 7Z.6 O.OC_C6 1.J_926 _.716

0,571 76.0 0._b_66 1.03601 0.712

0.896 79,_ _*0_52_ 1,_)78_ O*?C8

0.622 82.7 0,0_553 1,0_73_ 0.1_5

0.6_7 86.n J.Q_oE2 1,_E86 0,7_2

0.672 _9,2 0,0u733 i._J6_5 0.7_0

_.721 95._ _._L_8_ I.u]ST6 $.695

_.769 1_1._ G.01GE 1.0J5_0 _.691

_.885 114,0 0,010_ 1.00_19 0*673

1.1_ 141.J Q.0259 1.C03o2 0,666

1,2v 16_,0 _,0323 1,U.265 £,6_5

1,30 166,0 0*0351 1.0_236 O,6_W

1,39 178,0 _._b5 1,0.213 O.6EW

1.48 189,_ 0.05_3 1.G_19_ 0.665

1,56 2_*; 0*0625 I*_,I78 C,666

1,73 222.0 3,_e_e 1,_153 C,666

1,90 _44._ _.1_1 1._3134 0.6b6

2.06 26_.U G.123 1.0_119 _.666

2,22 Z_W*O _,I_7 1,0_I_8 0*666

2,52 _23,0 3.20_ 1.3_J9_ _.666

2,8_ 359.0 3.26_ I._77 0,666

3._8 395.3 a.325 1.03_67 _.666
3,3_ W29.0 0.39_ 1.0006_ 0,6E6

3*bC _62.u o._76 I.;)_5_ C.666

3.85 49_._ _,5_0 I._60_9 0,666

4,3k 556._ 0.7_ _.330_2 0.666

4*57 586._ G.8_5 1.0_33 0.666

4.80 616,0 _.95v 1,_,_36 0*665

T WO'PHASE BOUNOARY

_ NUMBERS IN T_IS COLUMN HAVE BEEN MULTIPLIED BY THE INDICATEO FACTOR

]I?



THERMOOYNAHICPROPERTIESOFHELIUMW

35,0 ATMOSPHERE ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY
CC/G DERIVATIVE DERIVATIVE ENERGY

OEG. K _* X ,01 CC-ATH/G ATM/K JIG J/G

2,5 0,05497 1520.0 2,95 _,520 2_,01

3,0 0.05528 1540.0 3,00 4,959 2_,56

3.5 0.05571 I51O. O _-96 5.50_ 2S.26
_.0 0,05629 1_50.0 5,8_ 6,171 26,13

k,5 0.05699 1390,0 6,37 5,990 27,21

5.0 0.05782 1310.0 6,EZ 8.023 28,53

5.1 0-05500 1300-0 6.EW 0.256 20.8Z

5.2 0,05818 1290.0 6.67 0.500 29.13

5.3 0.05036 1280.0 6,68 8.722 29._2

5.k 0,05854 1260,0 6,69 8.945 29.70

5,5 0.05872 1290.0 6.59 9.170 29.99

8.6 0.05891 12_0,0 6.70 9,397 30,29

5,7 0.05910 1220.0 6,59 9.020 30,58

5.8 0.05929 1210.0 6.59 9.850 30.88

5.9 0,05949 1190.0 6.68 10.09 31,19

E.O 0,05969 1100.0 6,67 10.33 31.50

6.5 0.0607_ 1110,0 E,EO 11.56 33.10
7.0 0.06188 1050,0 6._8 12.85 34,80

7,5 0.06311 985.0 6.33 lk.23 36,61
8.0 0,06_5 926.0 6,17 15.67 38,53

8.5 0,06509 870.0 5.90 17.19 k0.56

9.0 0,067_5 018.0 5,79 10.78 42.70

9.5 0,05913 771.0 5,58 20._3 _,95

10.0 0.07094 727,0 5,37 22.15 47,31

11,0 0.07502 650.0 _.91 26,00 52,60

12.0 0,07963 591.0 _.q6 30.03 $8,27

13.0 0,08474 552.D 4,04 3k.16 64,21

14.0 0.09021 530.0 3,65 38.31 70,30
15-0 0.09591 522-0 3.31 _2.42 76.43

16.0 0,1019 521,0 3,0_ _6,34 82,46

17.0 0,1080 527.0 2,B0 50.23 88.73

IB.O 0.11_2 536.0 2,59 54-10 gk.61

19,0 0.1236 548,0 2,q0 57,93 100,7

20,0 0,1270 562.0 2.24 61.73 106,8

21.0 0-133_ 579.0 2.10 65._8 112,8

22.0 0.1399 596.0 1,97 69.20 118,0

23.0 0,1_54 615,0 1,06 72.89 124,0

2_,0 0.1529 634.0 1,76 76.55 130.8

25-0 0.159_ 694,0 1,67 80.17 136.7

26,0 0,16S9 675.0 1,59 83,77 142,6

28.0 0,1780 717,0 1.k5 90.88 154,3
30.0 0.1_17 761.0 1-33 97.90 16S,9

32,0 0,20_5 605,0 1,23 104,8 177,3

34.0 0,2172 849,0 1,1_ 111.7 18&.7

36,0 0,2299 894.0 1.07 118.5 200.0

38.0 0.2_25 93B.0 1,00 125.3 211.2

40.0 0.2550 983.0 0.gkk 132,0 222.4

_5.0 0.2850 1090.0 0,82_ 1_8.6 250.0

50.0 0,3157 1200.0 0,734 165-0 277.3

55.0 0.3_72 1310.0 0.661 181,3 30_.k

60.0 0,3774 1420.0 0.602 197.4 331,3

65,0 0._075 1530.0 0.552 213.5 358.0

70.0 0.4375 1630-0 0.511 229.5 384.7

75,0 0._673 1740.0 0.k75 245.5 411.2

80.0 0,_971 1850,0 0._ 261,4 437.7

90.0 0.5564 2050.0 0,393 293.1 _90.4

100,0 0.615_ Z260-0 0.352 32_.7 5_3.0

125.0 0.7626 2780.0 0.281 _03._ 673.9

150.0 0.9093 3290.0 0.233 _01.9 80_,3

175,0 1,056 3800-0 0-200 560.1 93_-5

200,0 1.202 _320,0 0,175 638,3 1065.0

225.0 1.3_8 _830.0 0.155 716,_ 1195.0

250.0 I,k95 5340,0 O,INC 794,5 1325.0

275.0 1,G_1 5850-0 0.I77 872.B 1454.0
300.0 1.781 6360.0 0.116 950.6 %584.0

350,0 2.079 7380.0 0,100 1107,0 1844.0
N00.0 ?.372 8_00.0 0.0873 1263,0 210_.0

N50.0 2,664 9W20,0 0.0776 1_18.0 2363.0
500,0 2,956 1_400,0 0.0_99 157_,0 2623,0

600.0 3.541 12500,0 0.0502 1806.0 3142.0

700.0 _,125 1_500.0 0,0_99 2198.0 3661.0

800,0 4.711 16600.0 0,0437 2510.0 4180,0

9_0.0 5,296 18600.0 0.0388 2821.0 4699,0

1000-0 5._81 20700.0 0.0350 3133.0 5219.0

1100.0 G._6_ 22700,0 0,0318 3Nk5,0 $738.0

1200.0 7.051 24800,0 0.0291 3756,0 6257.0

1300.0 7.636 20500.0 0.02_9 NOB8.0 6776.0

1_00,0 0.221 28800.0 0.0250 k380,0 7295.0

1500,0 6.506 30900.0 0,0233 4592,0 7815,0

ENTROPY

JIG-K

1.475

1.705

1.940

2.180

2.k33

2.?00

2.7S5

2.810

2,8Ek
2.918

2,971

3.02k

3.077

3.129

3.182

3.23k

3.q92

3.7k7

k.001

q,252

k.502

q. TSO

4.997

5,242

5.75k

6,253

6,734

7.190

7.61S

8,004

8.372
8.720

9.049
9,360

9,655

9.935
10.20

10.kS

10.70

10.93

11.36

11.76

12,13

12.48

12.80

13.10
13,39

14.04

14.61

1S.13

15,60

16.03

18.42

16.79

17.13

17.75

18.30

19.47

20._2

21.23

21.92

22.53

23.0B

23.$8

2k,03

2_,83

25.52

26,13

26.68

27.63

28._3

29.12

29.73

30.28

30,70

31.23

31.64

32.03

32,39

CV

1,163

1.396

1.553

1,726

1,935

2,16_

2.207

2.230

2.21_
2.223

2,234

2.247

2.2S9

2.273

2,287

2,302

2,380

2.458

?.533

2.603

2.666

2.724

2.776

2.822

2,999

2,967

3.008

3.036

3.0SB

3.079

3,097

3-112
3.124

3.13k

3.1k3
3.149

3.155

3.159

3.162
3.165

3,169

3.171

3,172

3.172
3.171

3.170

3.169

3,166

3,163

3.160

3,1S7

3.15_

3,152

3,1S0

3,148

3,144

3.141

3.136

3,133

3.130

3.128

3.127

3,126

3,125

3,125

3,123
3.123

3.122
3.122

3,121

3.120

3, t20

3.120

3.120

3.119

3.119

3.119

3.119

3,119

JIG-K

CP

1.207

1.N83

1.733

2.028

2,369

2.728

2.797

2.844

2,853

2.887

2,923

2,961

2.999

3,038

3,078

3,119

3.330

3.547

3,766

3.986

4.205

k.q21

W.635

4.84k

5.237

5.$64

5,001

5.941

6,001

6.055

6.079

6.083

6.073

6.055

6.831

6.003

5.973

5.9k3

5,912

5,881

5.821
5.766

5.715

5,669
5-628

5.551

5.558

5.k89

5._37

5.396

S.364

5.338

5.317

S.300

S.286

5.26_

5,249

5.225

5.213

5.205

5.201

S.198

5.196

5.195
5,194

S.193

S-192

5.192
5,192

5.142

5.142

5,192

5.192

5,192

5.192

5.192

5,192

5.192

S.192

VELOCITY

OF $OUNO

HIS

k_0,3

k07,3

_12,8

k15,7

_09.7

NO8.?

k08.5

k08,5

_07.8

k07.1

406.3

kO$._

_04,5

k03.6

k02.6

397.2

391.3

385.2

379.0

372.8

366,9

361,1

355.6

34k.2

335,1

328.5

324.3

322.1

322.3

323,6

325.7

328,_

331.8

335,k

339.3

3_3._

347.6

352.0

356,_

36S.3
374.3

383.3
392.1

kOO.9

k09,4

k17.9

438.3

457.9

q76.6

k94,5

511.8

$28.5

5_.7

560.3

590.k

618,9

68k,9

745.0

800.6

852.6

901,6

948.1

992.k
1035,0

1115,0

1190.0

1260.0
1327.0

1451.0

1565.0

1672.0

1772.0

1867.@

19_7.8

20k3.0

2126.0

2206,0

2283.0

TWO-PHASE eOUNOARY
_ NUMBERS IN THIS COLUMN HAVE BEEN MULTTPLIEO BY THE INDICATED FACTOR



IHERNOPHY$1CAL PROPERTIES OF HELIUM W

35.0 AINOSPMER_ ISOBAR

TENPERAIURE DEqSITY V¢DHFOV) V(OPIOU)
p v

OEG. K G/CC J/G ATM-CCIJ

• + X 100

2.5 16.1g 113.0 14.0

3.0 1B,O) 109.2 15.0

3.5 17.9S 9k.6 17,8

+.0 11.7P 89.6 19.0

+,+ I?,SS 90,k 10.8

S.O 17.36 93.7 17.7

5,1 17.2W 96.5 17.5

5.2 17.1) 94.b 17.4
5.3 17.14 93.5 17.6

5,k 17.0) 93.Z 17.6

5,5 17.03 93.0 17,6

5.6 16.98 92.8 17.6

5.T 16,92 92.7 17.5

5,8 16.8/ 92*6 17.4

S.9 16.8l 9Z.5 17.4

6.0 16.75 9Z.5 17.3

6.5 16.46 92,5 16.8

7.0 16.10 92.7 16,3

7.5 15.85 92.8 10.8
8,0 15.5Z 92*8 15.3

8,5 15.10 92.8 14.8
9.B 14.83 92.T 14.3

9.5 14.47 92.6 13.9
10.0 14.10 92.5 13.5

11.0 13.33 92.4 12.T

12.0 1Z.$6 92.0 12.0

13.0 11.80 93.0 11,k

14.0 11,0) 95.6 10.9

15,0 10°43 98,5 10.4

16.0 9.810 102.0 10.0

17.0 9.261 106.0 9.75

18.0 8.104 110.0 9,49

19.0 8.294 110.0 9.2?

20.0 7.B76 120.0 9.08

21.0 7°490 120.0 0.92
22.0 7.149 130.0 8.77

23.0 6.832 135.0 8.64

24.0 6.$41 140.0 0.53

25.0 6.270 %45.0 B.N3

26°0 6.029 150.0 8.33

28.0 S.593 161.0 8.17

30.1 5.211 112.0 8.04

32.0 4.890 103.0 7.92

34.8 4.604 194.0 7.02

36,e 4,3S0 ZOS.O 7.74

30,0 4.125 216,0 7.66

MO.O 3.922 227.0 7.59

45.0 3.4)6 204.0 7*46

SO.O 3,107 282.0 7.35

SS.O 2.880 309.0 7.26

60,0 2.650 336,0 7.19

bS.O 2.454 362.0 7,14

70.0 2.286 389.0 7.09

75.0 2,140 416.0 7.05

80,0 2.012 442,0 7.01

90.0 1,797 495.0 6.gS

100*0 1.620 $47,0 6.91

125.0 1.311 678.0 6,83

150,0 1.100 800.0 6.78
170,0 0.9472 939,0 6.74

230.| 0.8319 1070.0 6,72

225,0 0.7M17 1200.0 6.70

200,0 0.6091 1330.0 6.68

275.0 0.6095 1460.0 6.67

300.8 0.5596 1590.0 6.66

350,0 0,4010 1850.0 6.64
400,0 0*421? 2110.0 6.63

480.0 0.37Sk 2370.0 6.62

800.0 0.3383 2620.0 6.62

600.I 0,2824 3140.0 6,61
700.0 0°2624 3650.0 6.60

800.0 0.2123 4100.0 6.60

900,0 0.1080 4700.0 6,59
1000.0 0°1700 $220*0 6.$9

1100.0 0.1547 $740*0 6.$9

1200.0 0.1418 6260.0 6,59
1300.0 0.1310 6700*0 6,58

1400.0 0.1214 7290.0 6,$8

15_0.0 0,1136 7810.3 6.$8

*V(DPIDV) T (DVIOT)/VP

ATM %IDEG. K

277.0 &.0107

279,0 0.0136

271,0 0.0103

ZSB.O 0.0226

243.0 0.0262

227.0 0.0291

224.0 0,02)6

222.0 0.0300

219.0 0.0300

216.0 0.0310

213.0 0,0314

210.0 0.0319

207.0 0.0324

204.0 v,&328

201.0 0.0333

198.0 0,0337

183,0 C.0360

169.0 &.0383

156.0 0.0406

14W.0 0.0429

132,0 0.0453

121.0 0.0477

111,0 0.0001

163,0 0.0524

80,6 G.0567

74,Z 0.0601

6S.2 0,0620

58.8 0.0621

54.4 0,0609

81.2 0.0593

48.8 0.0873

46.9 6.0551

45.4 0.0829

44.3 6.0506

43.4 0.0N84

42.6 0.0463

N2.0 0.0404

41.5 0.0428

NI.0 0.0407

40.7 0.0391

40,1 0,0361

39*7 0.0330

39.3 0,0312

39.1 0,0292

38,9 0.0278

38.7 0.025)

30.6 0.024S

38.2 0.0216

38.0 0.0193

37.8 0.0170
37.6 0.0160

37.5 0.0147

37.4 0.0137

37.2 0.0128

37.1 0.0120

36.9 0.0106

36.8 0.00909

36.4 0.00770

36.2 0.00645

36.0 O.UOSS5

30.9 0.00487

35.8 0.00434

35,7 0.00391

38.6 0,00386

35.6 0.00327

3S.S 0.00281

30.4 0.00247

35.4 0*00219

35.3 0.00198

3S.3 0.00168

35.2 0.001_2

38.2 0.00124

35.2 6.00110

35.1 0.000995

35,1 0.000908

30.1 0.000830

35.1 0.000?66

35.1 0,000712

30,1 0.000664

THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL

CONDUCTIVITY DIFFUSIVITY CONSTANT hUMBER

MW/CM-K C/CM-S SQ-CM/S

_ X 1000000

0.22? 127.0 0.00104 1.06875 0.622

0.25W 100.0 O.OOO)W6 1,06830 0.633

0.274 90.9 J.OQG880 1.06781 0.627

0.293 90.4 0.000814 1._6710 0.628

0.313 83.0 0.00C703 1.06626 0,628
0,331 76.8 0.0017_2 %*_602) 0,633

0.334 75.7 0.00069_ 1._6009 0.633

0.338 74.6 Q.00669% 1.06488 0,628
0,341 73,6 0.0_0698 1.0_468 0,615

3.3_4 72.6 0.030698 1.06_47 0,6{9

0.3_8 71.7 &.000698 1.06427 0.603

3,351 70.0 0.00C698 1.06406 0.598

0.35N 70.G 0.00£697 1,_6385 0.593

3.387 6g.Z 0.00C696 1,0636_ 0.589

0.360 68.4 0.060690 1,0_3_3 0.005

0,362 67,6 0.000693 1,06321 0.58Z

0.375 64.2 _.00_604 1.06210 0.570

0.385 61.4 0.004672 1.06_93 0.065

0,39_ S8.9 0.00066_ 1.05972 0.864

O,NO0 56,9 0.0GG647 1.05846 0.567

0,405 55.2 0,000630 1.G0710 0*073
0,409 53,? _.000623 1.05001 0.501

0,411 52,4 G,06061_ 1.08443 0,592
0.412 81.3 0.000603 1,05302 0.604

0.411 49.6 0.00C508 1.05010 0.632

0.400 N8,4 0.00_584 1.0471S 0.660
0.40M _7.6 0.00C590 1.04427 0.684

0.400 _7,2 _.004600 1.04158 0.700

0.390 47.1 0.00C636 1.03905 0.710

0,396 47.2 _._oL666 1.03675 0.721

0.395 47.4 0.000702 1.03464 0.730

0.390 47,8 0.000742 1.03273 0.730

0.396 48,2 0,0_0785 1.030)9 0.741

0.397 _8.8 0.060832 %.02942 0.74N

0.399 49.3 0.00C882 1.02790 0,746
0.4C1 49,9 0.00C934 1.02660 0.748

0.4G4 80.6 0,005989 1.0Z549 0.740

J.407 $1.2 3.00115 1.02439 0,748

0.410 51.9 0.00111 1.0_339 0.748

0.414 52.6 _.0_117 1.0Z247 0.748

0.421 54,0 _.00129 1.02084 0.746

0.430 55.5 0.00143 %.019M3 0.744

0.438 $6.9 Q.00157 l. OteZo 0.741

0.448 58.N _.00172 1.0t713 0.739

0.458 59.9 ],00187 1.01618 0.736

0.467 61,3 0.00203 1.01534 0,733
0.477 62.8 0.00219 1.01458 0.731

0.502 66.N 0.00262 1.01299 0.725

0.$28 70.0 0.00307 1.01173 0.72%

0.553 73.4 Q.00306 %.0t070 0.716
0°$79 76.9 0*00407 1.0J984 0.712

0.604 80,2 0,00461 1*00911 0.709

0,629 83,5 0._0518 1.03848 0.?06

0,604 86.7 0.00577 %.00794 0.703

0,679 89,9 d. GOb38 L.0_746 0.7C0

0,727 96.C 0.00769 1,0_667 0,695

_.775 102,0 3,0_)09 1.0_603 0,691

0,800 115,0 0,0%36 1.03406 0,673

1.00 128,0 0.0174 %,00408 0,669

1.1U 141,0 0.0224 1.40351 0,666

1.21 18_,0 Q,QZ78 1,00308 0,66_

1.30 166.0 0,0337 1,03_7_ 0.664

1.39 178.0 0.0400 1.00248 0,664

1,48 189,0 _.0460 1.03226 0,664

1,$6 200*0 0*0538 1.00207 0*666

1.74 223,0 0,06)5 1,00%78 0,666

1.90 244*0 0.0868 1.0J156 0,666

Z.06 264,0 3.106 1.0_139 0,666

Z*2_ 284.G u.126 1,00%25 0*666

2.82 323.0 0,172 1,03400 0,666

Z.80 359.0 0,223 1.00090 0*666

3.08 395,0 0.27) t,OOQ79 0,666

3.34 429,0 _.3_1 1.QJdTO 0,666

3.60 462,0 0,400 1,00063 0.666

3.8S 494*0 0._80 1.00057 0.666

4.1_ 526,0 0.507 1.00053 0.666

4,3N 556.0 0*638 1.0004_ 0,666

4.87 886*Q 0.72_ 1.00048 0,665

4*06 616,0 _,815 1*Q_042 0,665

• TMO'PNASE BOUnDArY

++ NUNBERS IN Tq[S COLUNN HAVE BEEN MULTIPLIEO BY THE INDICATED FACTOR
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THERMOOYNAHIO PROPERTIES OF HELIUM 4
40.0 &TNOSPHERE ISOBAR

IENPER&TURE VOLUNE ISOTHERM ISOCHORE INTERNAL ENTHALPY

CClG DERZ¥_TIVE OERIVATIVE ENERGY

OEG, K vo X *01 CC-ATH/G ATH/K J/G J/G

E,5 0.05401 1610.0 3.59 4.777 26.62

3.0 0.05433 1650.0 4.07 5,184 27.20

3.5 0.054?4 1630o0 5.15 5.685 27.87

6.0 0*05526 1580,0 6*OZ 6.306 28.?0

6,S 0.05590 1520.0 6.55 7,088 2%74

5.0 0,05664 1450.0 6.01 8.069 31,02

5.1 0.05680 1946.0 6.04 0.293 31._1

5.2 0.05696 1430.0 6,07 0.520 31.62

5.3 0,05T12 1420o0 6.88 0.7_0 31.09

5.4 0-05728 1410.0 6.09 8.954 32.17

5,5 0.05744 1390.0 6.90 9o169 32.45

5.6 0.05761 1380.0 6.91 9*307 ]?.?W

5.T 0,05778 1360.0 6.91 9-607 33.02

5.8 0.05?95 1350.0 6.91 9,829 33.31

5.9 0.05812 1340.0 6.90 10.05 33,61

6-0 0.05830 1320,0 6.90 10.28 33.91

6.5 0.05922 1760.0 6.84 11.46 35.46

?.0 0.06021 1190,0 6.?q 12,70 37.10

?,5 0.06127 1130,0 6,62 16,01 38.04

8.0 0.06242 1020.0 6,q0 15,39 40.69

8.5 0,06365 1010.0 6,31 16.84 47.63

9.0 0.06496 957.0 6.14 18,35 44,68

9-5 0.06637 907.0 5.95 19.92 46.0?

10.0 0.06787 860.0 5,76 21.56 45.07

11.0 0.07123 775.0 5.33 25.?4 54,11

12.0 0.07_99 707.0 4.90 79.11 59.51

13.0 0.07914 656.0 4.49 33,11 65,19

14.0 0,08363 627.0 6. I0 37.17 71,06
15.0 0.08836 603.0 3.75 41.23 77,Ok

16.0 0.0?332 594.0 3.45 45,09 02.91

17,0 0.09846 593,0 3,19 48.94 88.05

18,0 0-1037 59?-0 2.96 57.70 94._3

19.0 0.1091 605.0 2,76 56.60 100.0

20,0 0.1146 615,0 ?.58 60.39 106.8

21.0 0.1201 628.0 2,h2 6_.15 112*8

22,0 0.1257 643.0 ?.27 67.88 118.0

23.0 0.1313 660,0 2,15 71.58 124.8

24,0 0.1369 677,0 2.03 75.25 130.7

25.0 0.1425 695.0 1.q3 78.90 136.7

26.0 0,1682 714.0 1.83 82.51 142.6

28.0 0.1594 ?54.0 1.67 09,67 154.3

30.0 0.1706 796.0 1.53 96.74 165,9

32.0 0.1818 838.0 1,42 103.7 177.4

34,0 0.1930 062.0 1.32 110.7 188.9

36-0 0.Z041 9?6.0 1-23 117.5 ?00-2

38,0 0.2151 970.0 1.15 124,3 711,5

WO,O 0,?761 1010.0 1.09 131.1 2?2.7

45,0 0.2533 1120.0 0.949 147.0 250,5

50.0 0.2803 1230.0 0.04_ 164.3 777.9

55.0 0.3070 1340,0 0.75q 180,6 305.1

60*0 0.3336 1450.0 0.6YO 196,9 332.1

65.0 0.3600 1560.0 0.633 213.0 358.9
7@.0 0.3862 1660,0 0.585 229.1 385.6

75.0 0._124 1770,0 0.544 Z45.1 61_.3

80.0 0.4385 1880.0 0,508 261.1 438,8

50.0 0.4905 ?090-0 0.450 292-9 491.6

100.0 0.5422 2290.0 0.403 324.5 544.3

125.0 0.6710 2810.0 0.321 403.3 675,3

150,0 0.7994 3320,0 0.267 481.8 805.9

175.0 0.9276 3840.0 0,228 560.2 936,1

200.0 1.056 4350.0 0.200 638.4 1066.0

225.0 1,184 4860.0 0.177 716.6 1196.0

250.0 h311 5370.0 0-160 794.7 1326.0

275°0 1.43_ 5880,0 0,14_ 872.7 1456.0

300,0 1.567 6390.0 0,133 950.8 1506.0

350.0 1,023 7410,0 0,11_ 1107.0 1_46.0

600°0 2.079 8430.0 0.100 1Z63.0 7105.0

650.0 2,334 9450.0 0,0007 1419.0 2365,0

500.0 2.590 10500.0 0,0798 1575.0 ?6?4.0

600,0 3.102 12500.0 0.06E5 1886.0 3144.0

700,0 3.613 1_600.0 0.0570 2590.0 3663.0

800*0 4.12_ 16600.0 0,0499 2510.0 4182.0

900.0 4.637 18600.0 0.0444 2822.0 4701.0

1000.0 5.169 20700.0 0.0399 3133.0 5220.0

1100,0 5.660 22700.0 0.0363 3445.0 5739.C

1200.0 6.172 2_800.0 0.0333 3757,0 6?58.0

1300.0 6,684 26800.0 0.0301 4069,0 6778.0

1400,0 7.196 20900.0 0.0285 4330.0 7297,0

1500.0 7.708 30900.0 0.0266 4697,0 7816*D

ENTROPY

J/G-K

1.43Z

1.6_%

1.885

2.116

2.361

2,620

2,673

2.726

2,779
2.831

2.883

2.93_

2-985

3.0_6

3.087

3.138

3.388

3.63_

3.079

4.120

4.360
4.597

_,833

5,06?

5.554

E,030

6.490

6*930

7.346

?.724

8.084

8.4?6

8,751

9.059

q,3_1

9,630

9.095

10,15

t0,39

10.67

11.06

11,46

11.83

12,18

12,50

17,80

13.09

13.75

14,37

14,84

17o31

15.74

16.14

16.51

1_.85

17.47

10.0_

19,19

20,15
20.95

21.65

22,76
??.81

23.30

23.75

24.55

25.25

?5.86

26.40

17.35

28,15

Z_.84

?9.46

30.00
30.50

30.95

31.37

31,75

37.11

CV

1,174

1,350

1.495

1.674

1.093

2.131

2.176

?.199

2.185

?,196

2,?00

2.221

?.2]5

2.250

2,265

2.201

2.362

2.4_3

2.5?0

2.590

2.655

2-713

2.766

2,813

2.901

2.961

_.003
3*034

3.0_

3.077

3.095

3,110

3.123

3.133

3.142

3.149

3.155

3,160

3.16_

3.167

3,172

3.17_

3,176

3,176

3.176

3.176

3,175

3.177

3.169

3.165

3.162

3.159

3.157

3,154

_.152

3.140

3.145

3.139

3.135

3.132

3.130

3.129

3-1?0

3.127

3.1?6

3.175

3.176

3.123

3.122

3.122

3,121

3.121

3.100

3.170

3.170

3.170

_.120

3.119

3,119

JIG-K

CP

1.234

1,640

1-668

1.957

2.295

2°649

2,717

2.762

Z.770

2.803

2.838

2,073

2.q10

2,947

2,985

3.024

3.222

3.425

3-629

3.831

4.031

4.229

4.422

4.017

4.971

5-285

5.538

5.716
5*822

5.911

5.965

5.993

6,005

6.003

5,994

5.978

5,950

5.936

5.912

5.887

5.837
5.787

5,740

5.697

5.657

5,620

5,587

5.516

5.461

5.418

5.303

5.355
5,332

5.313

5.298

5.274

5.256

5.230

5.215

5.?OY

5.202

5.199

5.197

5.195

5.194

5.193

5,192

5.197

5.192

5,191

5,191

5-191

5.197

5.197

5.1q2

5.15Z

5.1q?

5.192

5.197

VELOCITY

CF SOUNC

M/$

413.0

422.6

4?9.4

433,1

432.3

420,0

k27.1
426.9

427.0

426.6

425.7

_25*0

424.3

423.4

422,6

421,7

416,7

411.3

405,6

399.9

394.2

388.6

383.2

378.0

366,9

357.5

350.0

346.6

341.2

340.1

340.2

341,3

343.2

345.6

348.fl

351.?

355,2

358.9

362.8

366,8

375,0

363.4

391,8
_00.3

408,7

416.9

425,1

_45,0

464,1
402.5

500.?

517.2

533.7

569.7

565.2
594,9

623,2

688,7

768.5

003.8

855,5

904.3

950.6

994.8

1037.0

1117.0

1191.0

1262.0

1328.0

1452.0

1566,_
1673.0

1773.0

1067.0

1958,0

2044.0

2127.0

_206,0

2283.0

* TWO-PHASE EOUND&RY

_e NUMBERS IN THIS C0LUNN HAVE BEEN MULTIPLIED _Y THE INOICATEO FACTOR
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wO.O _TMOSPHERE ISOBAR

THERMOPMYSICAL PROPERTIES OF HELIUM W

TEMPERATURE DENSITY V(OH/DV) V(OP/OU)
p v

OEG, K G/CC 3/G ATM-CC/J

_J X tie

Z,5 18.5Z 1QZ,O 16,5

3,0 18,Nt 108.0 16,N

3,_ 18,Z? 96,5 18,9

4,0 18.13 93,2 19,9

_.5 17._ 95.W 19.3

5.0 17,65 100,0 10,1

5.1 17.61 101,0 17.9

5.Z 17,55 101,] 17.8

5.3 17,51 100.0 18.0

5.W 17.;6 100,_ 10,0

5,5 17,41 100.0 18,0

5.5 17.35 100.0 1?,g

5.? 17.31 99,5 17,B

5,0 17,Z_ 99,5 17.8

5,9 17,Zt 100,G 17,7

6.0 17.15 100,0 17,6

6,5 16,8@ 1;0,0 17,1

T.0 16,61 100,_ 16,6

7,8 16,37 101,0 16.1

8.0 16,07 101,0 15.6

8,5 15.71 101,0 15.1

9,0 15.33 101.0 1_,7

9.5 15.07 102.0 1_.3

10,0 14.73 102.0 13.9

11.0 1_.0_ 107*0 13.1

12,0 13.3W 102.= 1Z,_

13,0 12.6_ 102,0 11,8

14.0 11,9_ 10_,0 11.3

LS,O 11.32 106.0 10.8

16.0 10.72 109.0 10.5

17,0 10,16 113.0 10.2

L8*0 9,639 116,0 9,88

19.0 9,153 121,0 9.63

ZO.O 8.7_6 175,_ 9._E

21.0 8.375 130.0 9.2_
ZZ.O ?.956 135.0 9,07

73.0 T.617 %k_,G 8,93

Z_,O 7.3_5 1_5.0 8,80

25.0 7._17 150.0 8.60

76,0 6.750 155.0 8.50

28.0 6,773 165._ 8.39

3_,D 5.850 176.0 8,2W

3_.0 5,499 107.0 8,11

3_.0 5,182 188.0 0.0_

36.0 _.900 209.0 T.�Q

38.0 _.6_9 220,0 7.81

_0.0 4,_73 231,0 7.74

_5.0 3,9WT 258.0 Z.58
50.0 3,5_8 785,0 7,_6

55.0 3,251 312.0 7,3_

6J.O 2,990 339,0 7,Z8
65,0 E,?rO 366,0 7.21

70.0 2.5_B 393.0 7,16

75.0 Z,_Z5 419.0 7,11

8J.G Z.201 _kB.O T,07

90,0 2,039 _99.& 7.00

100.0 1.Bb_ 551.0 6,95

125,0 %,;_0 64Z.G 6,66

150.0 %.251 813.0 6.00
175.0 1.078 9_3.0 6.76

2_0.0 0,9;73 1070.0 6,73

Z75,0 0.8_49 1200,0 6.71

ZSd,O 0,76E5 1330.0 6.70

Z75.0 0.6_8 lk60.0 6.68

300,Q 0.6381 1590.0 6,67

350,0 0,5686 1050.0 6.68

WO0,O 0.4811 2110.0 6.6_

_d._ O,WZ8_ 231_.0 6.63

500,D 0.3061 7630,0 6*62

600.0 O,3ZZ_ 3150,0 6.61

700,0 0,2_68 3670.0 6.60

80_.0 0,2_2_ _180.0 6.60

900.0 0,2157 _100.0 6.59

1000.0 O*%B_Z 5220.0 _,59

1100.0 0,1_67 57_V,0 6.59
I700,0 0.1520 6_60.0 6.59

1300.0 0,1_96 6780,0 6,58

1kO0.O 0.1390 7300,0 6.88

1500.0 0.1E97 7820.0 6.58

-V(DPlDV] T [DV/OT]IV THERMAL VISCOSITY THERMAL DIELECTRIC BRANDTL
P CONDUCTIVITY OIFFUSIVITY CONSTANT NUMBER

AIM llDEG,K MWICM-K G/CM-S SQ-CM/S
"_ X 1000000

298.C 0,0171 0,73_ 132.0 _.001C2 1.06999 0,696

304.0 0,013; _.761 171.0 _.001966 1.0695T 0.66_

29_,Q G,_173 0.287 1_9,_ 0.00_924 1,0_904 0,6_6

787,_ 0.0210 0,302 99.1 0,000893 1.06837 0.6_2

277,0 C.OZ_I 0.323 90.6 0.000786 1,06750 0.64_

257,0 0,0265 0,3_Z 83,_ U.OQL?31 1.06660 0,6_7

ZSW._ 0,0269 =,3_$ 82.I 0,000}22 1.066_9 0,6_6

251.0 0.0773 0,349 80.9 0,0_6719 1,066Z9 0.6_1
748,0 0,0277 0,352 79,8 0.000727 1.06610 O,TZT

_$,0 O.&Z81 _,356 78.7 _,0_¢727 1,0659_ 0.620

242.0 0.0285 0.359 77,6 0,000727 1.06573 0,613

239,0 0.0289 J,363 76.6 0,00_727 1,06553 0.607
23_.0 0.0797 0,366 75,7 0,0_777 1,06534 O,EOZ

233,0 G,0296 0.36_ 7_.8 0,00_726 1,0651_ 0.597

230.0 0,0300 0,372 73.9 0,00C725 1,06_95 0,992

ZET,O G,030; 0.375 73,U 0.001773 1,06475 0.980

717,0 0,0372 0.389 69,Z 3.00_715 1.06372 0.573

198,0 0.0341 0.400 65,9 0.00070_ 1.06_69 0.864

18N,0 0,0360 0*_10 63.2 0.00_69Z 1.06154 0.560

171.0 0.0379 0._10 61.0 0.00_680 1,08@39 0.559

159,0 0.0398 0,_20 59,0 0,000669 1,0S921 0,562

147.0 0,0_17 0.N28 57,3 0.000657 1.05799 0,$67

137.0 0.0;36 0._31 55.9 0,00_6_7 1.0_673 0.57_
1_7ob 6.0_5_ 0.433 5_.7 0,00_637 1.055_6 0.583

109,0 0,0N8_ 0.N34 82.7 0,00C621 1.05280 0,60_

9W.2 0,0520 0,_37 51,3 0,000613 1.05012 0,6Z7

8Z,9 0,08_Z O,kZ9 8b.3 J.001613 1,0kTk5 0,650

7_,_ 0,0_51 0._76 _5,7 0,00[6_3 1,0k487 0,6_0

68,3 0,05_5 0,k23 _5,4 0,0006_1 1,0N_k 0,6_1

_3.7 0,05_Z O,_ZO _0,_ _,00_663 1.04019 0,695

6_.Z G,093_ 0._18 49,5 0,006690 1,03803 0,706

57.5 0,0515 0,_17 ;5.7 0.000722 1,03607 0,71_

55,_ 0,d498 0.W17 50.1 0,00C758 1,03427 0,771

53,7 0.0_80 0._17 50.5 0,00/796 1,03262 0,?Z7

57,3 0.0462 0,_18 51,0 0o00_878 1.03111 0,731

51,2 O,O_k 0,_20 51.5 O,O_OBBZ 1.0Z972 0.704

_0.2 0.0_77 O,_EZ 57,1 0,00097_ 1,0_644 0.736

_5,5 0.0_11 g._Z_ 5Z,? 0.COC97_ 1.0Z726 0.738

48.8 0.0095 0,427 53.3 0,001_3 1.02618 0.739

48,2 U.038_ 0,_30 5W,_ j,00108 1._7518 O,7kO

47.3 0.0353 0.436 55.3 _.00115 1,07339 0.7_0

_6,6 0,0329 0._4_ 56,T _,_6131 %,0218k 0.739

46,1 0.0307 0,_52 58.1 0,001_3 1,070_8 0.738

_5,1 0.0288 0o461 59.5 0.00156 1,019?9 0,736

_5.4 0.0771 0,_70 61.0 0,00169 1.018_W 0.734

65.1 0,0258 0,N79 62._ &,00183 1.Q1730 0.732

_.8 O,OE_Z 0,k88 63,_ 0.0_19_ 1.016W5 0.730

44,_ 0,021_ 0,512 67,_ 0.00235 1.01_60 0.725

_,0 0,0192 0.507 70.R _,_0276 1.01326 0,721

N3,7 0,017q 0.562 7N.3 0.C0318 1.01710 0,716

_3o5 0,0159 0.587 77.7 _,0636_ 1,01114 0,713

43.3 0,61_6 0.611 01,0 0,00_11 1,01032 0,709

k3.1 0.0136 0.636 8k.2 Q.OCw61 1.00961 0.706

_,9 0.0177 0,661 07._ 0.00513 1.0_900 0,703

47,8 6.0119 0,685 90.5 0,6_567 1,0_8_6 0.700

kZ,5 0,0106 0.733 96.7 0.0068Z 1,0_757 0.695

42.3 0,00953 0.781 163,0 0.00805 1,0068_ O,6ql

_1.9 0.00766 0.895 115.0 0,_115 1.00553 0,67Z

N1.6 0,006_2 1,00 129.G C,_15N 1,6046W 0,668

kl._ C,00582 1,11 1_2.0 0,0198 1.00400 0.666

_1.2 0°00485 1.21 15_,0 3,02k5 1,_0351 0,66_

41,0 0,00_37 1.3_ 166.0 &,OZ�7 1.00313 0.660

40.9 0.06390 1._C 178,0 G,0352 1,00283 0.663

40,8 0.00355 1.48 190.0 _.0Wll 1,0J257 0.66_

NO,8 0.003_6 1.57 201.0 0,0_73 1.0_236 0,665

_,6 G,00281 %.74 _3.u 0,C610 1,00203 0,665

_O,b 0,002_6 1.90 _4k,O 0,0762 1,00178 0,666

NO.5 0.00719 Z.06 _6_,0 _.0928 1,00159 0,666

40,k 0,00197 Z,Z_ 28_,0 0,111 1.Q01_3 0,666

40,3 0,00%65 Z,SZ 323.0 0,15_ 1.00119 0.666
_0,3 O,O01_Z Z.80 360.0 0,195 1.00107 0.666

40.2 G,OOIE_ 3.08 395.0 _.745 1.00090 0.666

_0.2 0,00110 3.35 k?9.C 0,299 1,00080 0.666

_0,2 0,00099_ 3.60 467,0 0*357 1.00077 0.666

_0.2 0,00090_ 3.06 Ngw*_ O,_ZC 1.00065 0.666

_0,$ U,000829 W,I_ 526._ _,;87 1,00060 0.666

40.1 0,000766 W*3_ S56.0 0.559 1.00D55 0*665

40.1 U,000711 W.57 586.0 0,63_ 1,00051 0,665

_0,1 Q,00066_ W,SG 616,0 0,713 1,D_8 0*665

TNOo_HASE BOUNOARY

"" NUMBERS IN T_IS COLUMN HAVE OEEN MULTIPLIEC BY THE INOICATED FACTOR
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THERMODYNAMIC PROPERTIES OF HELIUM k
45.0 ATMOSPHERE ISOBAR

TEMPERATURE VOLUME ISOTHERM

CC/G DERIVATIVE

DEG* K ee X ,01 CC'ATN/G

2.5 0.05313 1680.0

3,0 0.053_7 1750,0

3,5 0.05386 1750,0

k.0 0,05435 1710,0

k.5 0-05_93 1550.0

5,0 0,05561 1590.0

5,1 0.05575 1500.0

5,2 0,05590 1570.0

5.3 0.05604 15S0.0

5._ 0.05619 1940,0

5,5 0,05633 1530.0
5,6 0.05648 1520,0

5,7 0.05663 1500.0

5.8 0,05679 1490,0

5.9 0.05694 1_70.0

6.0 0.05710 1460.0

6.5 0.05792 1390.0

7,0 0,05080 1330.0

7,5 0.0591_ 1260.0

B,O 0,06074 1200,0

8*5 0.06101 1150.0
9.0 0.06295 1090.0

9,5 0,06417 1040,0

10.0 0,065_5 990.0

11.0 0.06830 900.0
12.0 0,07146 624.0

13.0 0.07_93 764.0

14.0 0,07070 720.0

15,0 0,08270 691.0

16.0 0,08691 674.0

17.0 0.09130 665.0

18.0 0,09584 663,0

19-0 0.1005 666.0

Z0,0 0,1052 673,0

21,0 0.1100 683.0

22.0 0,11+9 695,0
23.0 0-1196 709.0

24.0 0.12_7 724.0

?S.O 0-1296 740.0

26,0 0,1346 758,D

28.0 0.14_5 795.0

30.0 0.15_5 834.0

32,0 0.1644 875,0

34.0 0.1743 917,0

36.0 0,18_1 960,0

36.0 O,lgWO 1000-0

kO,O 0,2037 1050.0

45,0 0°??60 1160.0

50.0 0.99Z0 1260.0

55.0 0-2796 1370,0

60,0 0.Z995 1_80,0

65.0 0.3230 1590,0

70.0 0,346_ 1700,0

75,0 0.3697 1800.0

eO.O 0.3929 1910.0

90,0 0.439? 2120.0

100,0 0,4852 ?330,0

125.0 0,5990 ?840.0

150.0 0,71_0 3360.0

175.0 0.0279 3870.0

200,0 0.9417 4380,0

225.0 1-055 4890.0

250.0 1.169 SWO0,O

275.0 1,263 5910.0

300.0 1,396 64?0.0

350.0 1.624 7440,0

400.0 1.851 0_60,0

450.0 2.07B 9k00,0

500,0 2.305 10500,0

600.0 ?,760 17500.0

700.0 3.215 14600.0

800.0 3.669 16600.0

900.0 4.12_ 10700.0

1000.0 4.572 70700,0

1100.0 5-03_ ?2800.0

1200,0 $,463 24800.0

1300.0 5.94_ 26800.0

1400.0 6.399 28900.0

1500,0 6,054 30900,0

ISOCHORE INTERNAL ENTHALPY ENTROPY CV
OERIVATIVE ENERGY

ATM/K JIG J/C JIG-K

_-W5 5-042 29,26 1,366 1,216

4._3 5.42_ zg,_o 1,617 1,315

5.39 5,BB6 30,_ 1.035 1.4W_

6,21 6,466 31.29 2.058 1.628

6.73 7.Z09 37,76 2.296 1.656

6.99 0.151 33.51 2.548 2.101
7.0? 8,367 33.79 2,600 2,146

7.05 8,$95 34.08 2-65? ?.173
7,07 8.800 3_,35 ?,703 2,160

7.08 9.006 3k,E3 2.754 2.172

7,09 9,213 34.00 2,80k 2,18_

7.10 9.423 35.18 2.054 2.199

7,10 9,6_5 35,46 2,904 2,714

7,10 9.844 35.7_ 2.95q 2.230

7.10 10.07 36,03 3.003 2.2_6

7,10 10.28 36.32 3,053 2.Z62

7,06 11._2 37,83 3.296 2.3_7

6.98 12-61 39.42 3.536 2.430

6,87 13,80 41.12 3.773 ?,500

6.7_ 15,20 42.90 _.007 2.$80

6.EO 16.59 4_,78 4.239 2.6_5
6,4k 16,05 _6,75 _.466 2.704

5.27 19.56 48.81 _,695 2,757

6,10 ?1.17 50.97 4.919 2,805
5.59 2k,68 55.02 5.309 ?.B34

5,29 28,_2 61,00 5,846 2,956

_,89 32.30 66,_7 _,209 3,000

4.51 36.26 72.15 6,714 3,032

_.15 40.27 77.97 7.119 3.056

3,85 W4,06 83,68 7,468 3.077

3.57 _7,06 09.49 7.040 3.095

3,32 51,66 95,36 8.175 3.110

3,10 55,45 101.3 0._95 3,122
2.90 59*?3 107.? 6,799 3,133

2.73 62.98 113.1 °.069 3,142
2.57 66.71 119.1 9.366 3.150

2,h2 70._1 125,0 _,629 3,156

2.30 7q.09 130.9 9,882 3,161

2.18 77.75 136,9 10.12 3.165

2,08 81.36 1_2.7 10.35 3.169

1.89 88.57 _S4.E 10.79 3+17_

1.74 95.68 166.1 11.19 3.177

1.60 102.7 177*7 11,96 3.179

t._9 109,7 109.1 11,91 3.100

1.39 116.6 200.5 12.2_ 3.101

1._1 123-4 211.0 17.54 3,180

1,23 130.2 ?73.1 t?.63 3.180

1.07 1_7.D 251.0 13.q9 3,177

0,953 163,6 ?78.5 14.07 3.17_

0,857 180.0 305,0 1k.59 3.170

0,770 196,3 332.9 15.06 3,167

0.71_ 212.6 759.8 15,49 _.164

0.6EO 228.7 386.6 15-89 3.161

0.613 2k_.7 413,3 16,26 3.159

0,573 260.7 439._ 16.60 3.156

0.506 ?92.6 _92._ 17.22 3,152

0.454 324.3 5kS,E 17.78 3,1_8

0.361 403.2 _76.7 18,95 3.142

0._00 _81.0 607.h 19,90 3,13_

0.257 560.? 937,7 Z0.71 3,134
0,225 638.5 1068.0 21._0 3.132

0.200 716.7 1198.0 22.01 3,130

0,180 794.5 1378.0 22.5E 3.129

0.163 872.9 1450,0 23.0E _.128

0.150 950.9 1588.0 23.51 3.127

0.126 1107.0 184T.0 24.31 3.126

0.112 1263.0 2107,0 25.00 3.125

0.100 1_19,0 2366.0 25,61 _,124

0,0698 1575,0 2E26.0 26.16 3,12]

0,07_8 1807,0 31_5,0 27.11 3,12?

0.0642 2199.0 3664.0 27,91 _,122

0.05E1 2510,0 _183.0 28.60 3.121

0.0_99 2822,0 4703.0 29.21 3,121

0.0_9 313_,0 5227.0 29,7E 3.121

0.0400 3_6.0 5r41,0 _C.25 3,120

0,0174 3257.0 E260,0 30.71 3,170

0,0346 4069.0 6779,0 31,17 3,127

0-0321 _3B1.0 7?98.0 31.51 3.12_

0,0300 _692.0 7817._ 31,86 3.120

J/G-K

CP

1.300

1.412

1,615

1.899
2.233

2.563

2.650

2.695

2.70?

2,734

2,7E7

2,001

2.837

2.872

2.909

2,946

3,135

3,328

3.520

3.710

3.696

_.079

_.299

4,43_

k-765

5,D62

5.315

5,513

5,649

5.764

5,843

5.8g_
5,925

5.940

s-gko

5.930

5,917

5.900

5.801

5.8_1

S.798

5.756

5.716

5.678

5.643

5.610

5.540

5.k03

5._30

5._01

5,371

5.3_6
5.326

5.309

5,28_

5.26_

5.23_

5.215

5.?09

5-203

5.200

5.197

5.196

5.194

5,193

9.192

5-192

5.131

5.191

5.131

5.191

5.191

5-191

5.192

5.192

5,192

5.192

5.192

VELOCITY

OF SOUND

M/S

k26.7

436.7

_kS,O

449.3

448.9

444.0

443.6

443,9

443._

k_2.B

442,2

_41+5

440,7

W39,9

439.1

43_,4

_29.4

424.1

418.8

413.5

408.3

403,2

396,2

367.5

378.1
370,2

36_,1

3_9,7

357,6

356,7

356-9

357,9

359,6

361,B

364._
367,3

370,5
373.9

377,5

385.0

392,7

400,7

408,6

416,6

q74.6

_32.5

461.8

470.5
488,5

505.9

SSZ.?

539,0

554.7

570.1

$99.5

627.5

692.6

751.9

006.9
8S8.4

907,0

g53,I

997.0

1039.C

1119.0

1193.0

1263.0
1330.0

1w53.0

1567.0

1E74,0

177_+0

1368.0

1_58.0

2045.0

2127.0

22C?.0

2284,_

+ TWO-PHASE eOUNOARY

_ NUMBERS IN THIS COLUMN HAVE BEEN MULTIPLIED BY THE INDICATED FACTOR



THERMOPHYSICAL PROPERTIES OF HELIUM W

WS,0 ATMOSPHERE ISOBAR

TEMPERATURE DENSITY V(DH/DV) V(DP/OU)
p v

OEG. K G/CO JIG ATM-OC/J

• " X 105

Z,5 18.B_ 92.5 19,k
3,0 18.?9 106.0 18,0

3,5 18.57 97,Z Z0,1

_,0 18,_ 96.0 20.7

_,5 16.20 100.5 19,9

5,0 17,98 106.0 18.5

5.1 17.9k %07.0 18.2
5.2 17.83 107,0 18.1

5.3 17.Bk 106.0 18.3

5,k 17.B0 106,0 %8.3

5.5 17.75 106.0 18,3

5.6 17.70 106.0 18.2

5.7 17.66 108.0 18.2

5.8 17.61 %06.0 18.1

5.9 17.56 106.0 18.5

6.0 17.51 %06.0 17.9

6,5 17.27 IOP.O IT.W

7,0 17.02 108.0 16.9

7.5 16.7_ 108.0 16,_

B.O 16._6 109.0 15.9

8.5 16.1g 109,0 15.N

9.0 15.88 110.0 15,0

9.5 15.58 110.0 1_.6

%0.0 15.2B 110.0 1_.2

11.0 1_.6_ 110,0 13._

17.0 13.99 %%0.0 12.8

13,0 13.3W 111.0 12.2

%_.0 17,71 112.] 11,7

15.0 11.09 ltW.O 11.?

16.0 11.51 118,0 10,9

17.0 10.9_ 1%9.0 10.5

13.0 10._3 123.0 10.2

19.0 9.95 127.0 10.Q

?0,0 9.503 131.0 9.75

71.0 9.089 135.0 9.5_

22,0 8.70_ 1_0,0 9.36

23,0 8.3_9 IkS,Q B.20

2W.D 8.019 150.0 9,06

25.0 7.71_ 155.0 8.q3

16.0 7._30 160.0 8.01

ZB.O 6.91_ 170,0 8,61

30.0 6.k7_ 180.0 8,_N

32.9 6.053 191,0 8.29

3_.0 5.738 252,G 8.17

36.0 5._31 213.0 8,06

38.9 5.155 123.0 ?.96

_0.0 _,909 13_,0 7,88

_5.0 _.386 262.0 7.75

50.0 3,958 289,0 7.56

55.0 3,675 316,0 7._6

60.0 3,330 3_3,0 7,37

85.0 3.536 370,0 7.29

70.0 Z.887 397.0 7.23

75.0 2.708 _23.0 7.18

00.0 2.5_5 _50.0 7.13

90.0 2.177 503.0 7.06
10 0.0 2.0_1 556.0 T.OO

11 5,0 1.657 687.9 6.90

15 0,0 1 .;01 817.0 6.83

175.0 1.708 9_7,0 6.79

2_O.O 1,062 1_80.0 5.79

225.0 0.9_75 1210.0 5.73

250.0 0,055b 13W0,0 6.71

_75,0 0.7796 1_E0,0 6.69

300.0 0.7182 1600.0 6.68

350.0 0.6159 1860.0 6,66

_oo,0 0.5_03 _110.0 6.65

W50,O 0,_12 2370,0 6.6_

500,0 0,_338 1630.0 6.63

600,0 0.3613 3150,0 6.6?

700.0 0.3111 3670,0 6.61

800.0 0,2725 N190.0 6.6C

BOO,O 0.2_15 _710,0 6.60

10J0.0 0.215W 5230,0 6.59

1100,0 0,1387 5750.5 6.59

1290.0 0.1822 6260,3 6.59

1300,0 0,1502 6780.0 6.59

1_u0,0 0.1583 ?300.0 8.58

1500,0 0.%b59 7810.0 6.58

-V(OP/OV) T (OV/OT)/V
p

ATM ItOEG, K

316.0 0.01_1

328,0 0.0135

3Z_,O 0.0166

31_.0 0.5198

351.5 O.O??k

286.0 0,02_5

283.0 0,02_8

280.0 0.0251

277,0 0.0255

27W.0 0.0258

271,0 0,_261

268.0 0.0265

265,0 0.0268

_62,0 0.0271

Z59.G 0.027_

256.0 0,0277

2_1.0 0.5193

226.0 0.0309

211.0 0.032_

1_8.0 0.03_0

185.0 0.0356

173.0 5.0372

162,C 0.0387

151.0 O,O_d3

132.0 0.0_32

115.Q 5,0_58

%02.0 0.0_80

91,5 0,5_93

83.5 0.0_7

77.5 0,5_36

72.9 0,0_90

69.2 0,0k80

66,3 0.0_67

6_,0 0.0_5_

62,1 _,0_39

6d.5 0,0_2_

5_.2 5,ON10

58.1 0.0396

57.1 0.0382

55,3 0.0369

55.0 0.03_W

5W.0 0.03_1

E3.2 &.0301

_2,6 0.0283

52.1 0.0267

51,7 b,0153

51._ 0,0239

50.7 0.0217

50.2 G,0190

_9.8 0.0172

_9.5 C.0157

_9.2 0.01_5

N8,_ 0.0135

_8.7 0.0186

_8,5 0.0%19
_8.2 0.0105

_7.9 0.009W7

_7._ 0.00762

_7.0 0.00639

_6.7 0.00550

_6.3 0.00_31

_6.? 5.00309

_6,1 0.0035_

N6.0 0.003?6

_5,8 5,50205

k5,7 0,001_6

_5.6 0.00219

_5.5 0,00197

NS,_ 0.0_165

kS._ 0,001_%

_5,3 5.0012_

_5,3 0.00115

_5,2 0,u009_3

_5.2 0.50090_

_5,2 0,000829

_5.Z 0,_5_765

_5,1 0.005711

_5,1 0.00066k

THERMAL VISCOSlTY THERMAL DIELECTRIC PR&NOTL

CONDUCTIVITY DIFFUSIVITY CONSTANT NUMBER

HW/CM-K G/CM-5 SO-OH/5

_" X 10C0000

O,_NI 1_8,0 0,000983 1.07118 0.85%

0,269 13_,0 9.001C2 1.07072 0.703

0.289 17_.0 0,000965 1,07019 0.670

0.311 108.0 0,0_0889 1.0695_ 0,661

0.332 98._ 0.500816 1,06879 0.662

0.352 90.2 0.000757 1.0679k 0,663

0.386 88.8 0.0007_8 1.06776 0.66_

0.359 87,_ 0,0007_5 1.06757 0.655

0.363 86.1 0.000753 1,067k0 0.6_L

_.367 8_.q 0,00075_ 1.06717 0,633

0.370 83.7 0.G0075_ 1.06705 0.625

0.37_ 8?.6 0.00075_ 1.06697 0.619

0.377 81.5 0,000753 1.06668 0.612

0.381 80._ 0,0_3753 1.05650 0.607

0.38_ 79._ 0.000752 1,0_632 0.602

0.387 78.5 0,05G751 1.06613 0.597

J,_2 7_,2 0.0007_2 1.06517 0.5_9

0._1_ 70.6 5.5G6732 1.06_18 0.567

0._25 67.5 0.00072% 1.06315 0.559

0.83_ 65.0 b.000710 1.06209 0.556

0._0 62.8 0.000699 1,06099 0.556

_.k_6 6_.9 5,000688 1.05987 0.558

_._50 59.3 0,000677 1.05872 0,562

0,_58 58.0 0,000668 %.0575_ 0.568

0.k55 55.7 C,000652 1.05511 0.58k

J._5_ 5_.1 ;.0006kl %.05263 0.6¢3

0.k52 53.0 0,500637 1.05015 0.623

J,_9 52.2 0.0006_1 1.0_772 0.6ql

0._k6 51.7 0,000253 1,0_538 0.056

0._3 51.5 0.000668 1.0_315 0.571

O._N% 51.5 0,000689 1.0_105 0.683

0,_39 51.6 0.00071_ 1.03908 0.69k

0._38 51,9 _.0007_0 1.53725 0.702

O,k37 52.2 0.000?75 1.03556 0.709

0,_38 52.6 0.00081o 1.03399 0.715

0._38 53,1 0.0008W0 1.0325_ 0.720

0,_0 53,6 0,000888 1._3120 0.72_

0._1 5_,2 0,000930 1.02996 0,777

3,_3 5_.8 0,00097_ 1,0?880 0.729

0,_6 55,_ 0.00102 1.02773 0.731

3.k51 56.6 0.00112 1.07581 0.733

0,k58 57.9 0,00122 1.02WIW 0.73_

0._65 59.3 0.00133 1.02267 0.73_

0._73 60,7 5.001N_ 1,02138 0.733

0.N81 62.1 0+00156 1.02023 0,732

0._90 63.k 5,00168 1.01920 0.T30

0._99 6k.8 0.00181 1.01827 0,729

0.522 68.3 0.00215 1.01632 0,725

0,5_6 71.7 0.0_151 1,01_75 0.720

0.570 75.1 0.05189 1._13_8 0.716

0.595 78,_ 0.00330 1,012W1 0,713

0.619 81.7 0.¢0372 1.01150 0,709

0,6_3 8_.9 _.00_17 1.01072 0,756

0.668 88.1 O,OOkB3 1.0100N 0.703

0.692 9I.Z 0.65512 1.009_5 0,700

0,739 97.3 5.00615 %,008k5 0.695

G.706 103,C 0,00725 1._0765 0,6ql

0.900 116.0 0.0103 1.006%8 0,672

1.01 129.0 0,0138 1.0d519 0,668

1,11 1_2,0 0,0177 l._d_k8 0.665

1,21 155.Q 0.0219 1,_039_ 0,66_

E.31 167,_ 0.0165 1.0035% 0.663

E.k5 178.0 0.5315 1.00317 0,663

%._9 %90.0 C.0367 1.00289 0.663

1.57 251.0 0.0_22 1.00265 0,665

E,7_ 213.0 5.05_ 1.00228 0.66_

%,91 ?_.0 0.&679 1.00700 0,665

2.06 265.0 0,0826 1.0_%78 0,665

2.22 285.0 0,0986 1.0_161 0,665

Z,SZ 323,0 0.13W 1.0_13k 0,666

?.85 360,0 0.17W 1.00115 Q.666

3,08 395.u 0.218 1,00101 Q.666

3.35 _29.0 0.286 1,5_090 0*666

3,6_ _62,0 0.318 %,00D81 0.666

3,86 _9_*0 0.37_ 1.0007_ 0.665

_.10 526.0 O.N3_ 1,00067 0.665
_.3_ 556.0 C.597 %.50062 0.685

_,57 586.0 0.56_ 1.00058 0.665

W,81 616.0 u.63_ 1,0_05_ 0.665

TWO-PHASE BOUNDARY

"" _UMBER5 IN T_IS COLUMN HAVE BEEN MULTIPLIED BY THE INDICATED FACTOR



50,0ATMOSPHERE15OgAR THERMODYNAMICPROPERTIESOF HELIUM W

TEMPERATURE VCLUqE ISOTHERM ISOCHCRE INTERNAL ENTMALPY

CC/G DERIVATIVE DERIVATIVE ENERGY

OEG, K _" X .01 CC-ATMIG ATHIK J/G J/G

2.5 0.05230 I?WO,O 5,55 5.309 31,01

3.0 0.15260 1050.0 k.gC 5,674 32,36

3.5 0.05306 1860.1 5,E7 6.101 32.98

4,0 0.05]53 1830,0 6.W3 6.6W5 33.76

W,5 O,05WO/ 1/80.0 6.92 7,353 3W.?5

5.0 0.06w69 1720.0 ?.17 0.263 35,99

5.1 O.OSWB3 1716,0 ?.20 0,W73 36,25

5.2 0.05W96 %?00.0 ?,23 8.69; 36,5;

5.3 0.05509 I690,1 7.2; 8,092 36,80

5.; 0.05522 1670.0 ?-26 9-091 37.07

5.5 0,05536 1660.0 7.27 9,?92 37,3W

5,6 0,055_9 1650.0 7,27 9,hqk 37,E1

5.7 0,05963 1630.0 ?.28 9.699 37.88

5-0 0.055?7 1620,0 F,28 q,90F 38,16

5.9 0,05591 IB$Q,O ?.28 10.12 38,_k

6.0 0.05605 1590,0 7.28 10.33 38.72

6.5 0.05679 1530.0 7.25 11.;2 ;0.20

?,0 0,05758 1;60,0 7.18 $2.58 ;1.76

7.5 0.050_2 1_00.0 7,09 13.30 _3.;0

8.0 0,05932 13_0,0 6,96 15.09 45.1_

0.5 G.06027 1280.0 6.85 16.;3 ;6,97

9,0 0,06128 1220.0 6.71 17.83 _8,08
9.5 O.ObZ3; 1170.0 6.56 19.29 50.87

10.0 0.063_? 1L20.O 6.39 20,80 5?-96

11.0 0.0o594 1020.0 6.01 2;.75 57.66

12.0 0.06866 9_2.0 5,63 27.86 62,6?

13.0 0,0716; _?;.0 5.25 31.66 67,96

14.0 0.07_86 521,0 _,88 35,5_ 73,_7

15.0 0.078?9 183,0 k.52 39.;9 79.15

16.0 0.08193 759.0 q,21 _3,20 0k,71

17,0 0.0857; 7;3.0 3,92 k6,95 90.30

18,0 0.08_68 73%0 _,EE 50.70 96-1_

19.0 0,09375 733,0 3,_3 5;,k6 102.0

20,0 0.09790 735,0 _.22 58.21 107,8

21.0 0.1021 7;1.0 _,03 61,95 113.7

22.0 0,I06; 950,0 2.06 65.67 119.0

23.0 0.1107 761.0 2.70 69,37 125.5

2;,0 0.1151 T2;.Q 2,56 73,05 131,_

25,0 0.1195 ?89,0 ?._3 76,70 137.2

26,0 0,1239 60_.0 2.32 00.3_ 1_3.1

28.0 0.1328 838.0 2.11 87,5E 15;.8
30,0 0,1_17 875.0 1.9; 9;.69 166.5

32,0 0.1506 91_,0 1,79 101.8 198,0

3;.0 0.159_ 955.0 1.67 108.7 189,5

36,0 0,1613 1008.0 1.56 115.2 200.9

38,0 0.1771 10W0.0 1.k6 122.6 212-3

k0.0 0.1_59 1080.0 1,37 129._ 223,6

;5,0 0,2078 1190.0 1.20 1_6,3 251.5

50,0 0,229k 1300,0 1,06 $63,0 279.2

55.0 0-2509 1_10,0 0.955 179.5 306.6

6¢.0 0,2723 1510,0 0,868 195.8 333,6

65,0 0.2935 1620,0 0,79E 212.1 360,8

70.0 0.31_6 1730.0 0,735 278-3 387.6

75.0 0,3356 1830.0 0.6_3 2;;,; ;tk,;

8_,0 0,3565 19;0.0 0.637 260.; ;;1.0

90,0 0.3982 2150.0 0,563 792,3 k9k,1

100,0 0._397 2360.0 0.505 32_-1 5;6-9

125.0 0,5;29 2870,0 0,_01 _03.1 678,2

150,0 0.6_56 3390.0 0.33_ ;8E,8 808,9

175,0 O.TWQI 3900.0 8,285 560,2 939-_

200-0 0.8505 W;10,0 0.250 638,6 1069,0

225.0 0.9528 k920.0 0,22? 716,8 1200,0

250,0 1.055 5430.0 0.199 79;,9 1379,0

275,0 1,157 5940,0 0.181 873.0 1;59.0

300.0 1.260 6;50.0 1.16_ 951.1 1589.0

350,0 1,;6_ 7470.0 0.162 1109,0 18;9,0

kO0.O 1.669 _90.0 0.12E 1263,0 7109,0

;50-0 1.873 9510-0 0.111 1;19.0 ?368.0

500.0 2,07_ 10500.0 0.10C 1575,0 2628,0

600.0 2,;_7 12600.0 0.0831 E887.0 3147,0

700,0 2,696 1;600,0 0.0713 2199,0 3666,0

000.0 3.305 16600,0 0.062; 2511.0 ;185o0

900.0 3.71_ 16700,0 0.0555 ?822.0 ;TOk. O

1000.0 ;.123 20900.0 0,0;99 313h,0 5223.0

1100,0 _,533 22800,0 0,0W5; 3;;6,0 57;2,0

1700,0 W.9_2 2_800.0 0,0_16 3758.0 6261.0

1300,0 5,351 26900,0 0.038; _069,0 E761.0

1_00.0 5.761 28900,0 _,0357 ;381.0 7_01.0

150_,0 6.190 31000,0 0,0333 _693.0 7819,0

ENTROPY

J/G-K

1.335

1.573

1.787

?*00;

2.?36

?.;82

2,533

2.583

?.63;

2.683

?,733

2,782

?.831

?.87g

2,g78

2,976

3.716
3.;k8

3.679

3.907

k.132

_.355

;,576

_.992

5.2;7

5.609

k,118

6.531
5.9?6

7.785

7.629

7.955

8.272

8,573

B.8_9

9.133

q.395

9,6;6

9.586

10.12

10.55

10,95

11.32

11.67

17.00

12.31

17.60

13,75

13-0;
1;,36

1;.83

15.27
15-66

16.03

16,30

17,00

17.96

18,73

19.68

20.;9

71,18
21,79

27,3_

27.8;

23.79

74,09

2W.78

75.;0

25,gk

?6.89

?7,69

28.38

20.99

29.5;

30.0;

30.;9

30.90

31.29

31.65

CV

1,291

1,792

1.k01

1.587

1,022

2.075

2.123

2.1wg

2.137

2,150

2.165

2.188

2.196

?.217

2.229

2.2;6
2.333

2.;18

2.;97

2.570

2,636

2.696

?.750

2.990

2,889

2.952

?.996

3.032
3.056

3.070

3.096

3.111

3.123
3,13;

3.1k3

3.150

3.157

3.167

3.167

3,170

3,176

3-180

3,183

3,18;

3,185

3.135

3.18;

3,182

3.199

3.175

3.177

3,169

3-166

3,163

3,160

3,156

3,152

3,1;5

3*160

3.137

3.13k

3.132

3,131

3.129

3.128

3,127

3.126

3.175

3.126

3.123

3.172

3,122

3.122

3.121

3.121

3.121

3.121

3.120

3.120

J/G-K

CP

1,;02

1.57;
1.850

2,162

2._29

2.595

2,639

2.6;;

_,676

2.708

2,1;1

2,775

2.010
2.845

2,801

3.063

3.248

3,;30

3,610

3,707

3,959

;,128

;.292

k.600

;.081

5.128

9.332

5.;80

5.62E

5.720

5.791
5.639

5,869

5.886

5.893

5.893

5.888

5.879

5,866

5,836

5.801

5,76;

5,728

5,693
5.660

5,675

5,559

5.502

5.;55

5.;17

5.306

5.360

5,330

5,320

5.291

5.211

5,238

5,221

5-211

5,20;

5,200

5.198

5-196

5.15;

5.193

5.192

5.191

5,191

5,191

5.191

5,191

5.191

5,19_

5,191

5.191

5.191

5.192

5,192

VELOCITY
OF SOUNO

N/5

_39.k

959.8

96;,5

66;,3

q60.;

_59.6

_59,5

k59.6

;59,1

658,6

;58.0

;57.3

;56,6
;55,9

;55,1

450,?

4;6.0

441,0

436.0

431.1

;26.2

421.4

_16.7

406.3

397,1

389.2

302.6

377.5

37;.6

373.0
372.3

372,6

373,5

375,1

377.1

379.5

382.2

385.1

386*3

395.1

402.2

409,6
417.2

424.8

;32.4

;40.0

5S8.7

476.9

;5;,5

511,6

528.2

54_,2

55%8

575,0

604,1

631.9

096,4

755._

810.0

861,3

909,7

955.6
999,0

1042,0

1121.0

1195,0

1265,0

1331.0

1455,0

1568.0

1675,0

1175.0

1869.0

1959,D

20;5.0

2128.0

2207.0

2?84*0

• TWO-PHASE BOUNDARY
_ NUMBER5 IN THIS COLUHN HAVE BEEN MULTIPLIED BY THE INDICATEO FACTOR



THERNOPHYSICAL PROPERTIES OF HELIUM

S0,0 aTMOSPHERE ISOBAR

TEMPERATURE DENSITY V¢DH/DV) VIDPICU)
p v

DEG.K GICC JIG ATM-CCIJ

_ X 100

Z,5 19,12 g_.8 22.5

3.0 18,90 100.0 20.0

3,5 18.85 97.1 21.5

_.0 18,68 98.Z 21.?

4.5 18,_9 lO_.J Z0,5

9,0 10,28 111.0 18,9

9.1 18,2_ 112.0 18.6

5.2 18.19 113,0 18.5

9.3 18.15 112.0 18.7

S._ 18.11 112.0 18.6

5,5 18.06 112.0 18.6

9.6 18.02 112,0 18.5

5,7 17.9_ 112,0 18,_
5.8 17,93 112.0 18.W

5.9 17,8) 112.0 10,3

6,0 17,8_ 113,0 18,2

6,5 17.61 114.0 17,6

?.0 17.37 119.0 17.1

?.5 17.12 116.0 16.6

8,0 16,86 116.0 16,1

6.5 16,5} 117,0 15.?

9.0 16.32 118,0 15,3

9,5 16.0_ 118.0 1_,9

10,0 15,76 118,_ 14,5

11,D 15.17 119,0 13.7

12.0 1_.50 119.: 13,1

13,0 13.96 119,0 12.5
1_,0 13,3& 120.] 12,_

19.0 12.77 121,0 11.6

16,0 IZ,21 12_.0 11,2

17.0 11.66 126.0 10,9

18.0 11.15 130.0 10,6

19.0 10.67 133.0 10.3

20.0 10.2l 137,0 10,1

21.0 9.791 141.0 9.8_

22.0 9.397 146.0 9,65

23.0 9.030 150.0 9.W7

24.0 8.68? 195,0 9,32

25,0 8.368 160.0 9.16

26.0 8,070 164.0 9,08

28.0 7.$31 175,0 8,83

30,0 7.059 185.0 8.64
32.0 6.6;2 198,0 8._8

3_.0 6,272 206.0 8.3_

36.0 5,942 217._ 8.22
38.0 5.6;6 227,0 8.11

_0.0 5,379 238.0 8.02

45.0 W,813 265,0 7.82

50.0 4.3_8 293.0 ?.67

55.0 3.985 3Z0._ 7.55

_Q.O 3.673 3_7.0 ?.49
65.0 3,_07 31w. O 7.37

70.0 3.179 _00.0 7.3G
?5.0 2.980 _27._ 7.24

80.0 2,805 _5_.0 7.19

90.0 2.511 50?.0 7.11

1_J.0 2.27k 560,0 7,0_

125,0 1,8_Z 691.0 6,93

l_J.O 1.5W9 821.0 6,86

175.0 1.337 951.0 6.81

2d_.O 1.176 1060.C 6,77

225,0 1,0W9 1210.0 6,7_

250.0 0.9_78 13_0,0 6.72

275,0 0.8540 1_Tb.0 6,71

300._ 0,7039 1600,0 6,69

350.0 0.6830 1860.0 6.67

4JO.O 0,5993 2120,0 6.65

_50.0 &.5339 2380.0 6.64

5u_.O G,4813 26_0.0 6.63

60_.0 0,_22 3160,0 6.62

730.0 0.3453 36?d,0 6.61

800.0 0.3}26 _190,: 6,60

9_0.0 0.2692 _710.0 6.60

1GJ3,_ 0.2_25 5230,_ 6.59

1100,0 0,2206 5750.0 6,59

12_0._ 0.2:23 62P0._ 6.59

1300.0 0.1869 679b._ 5.59

1_.3,0 0.1736 731_.0 6,58

1500.0 0,1521 7820,0 6,58

-V(DPIOV) T (OVIDTI/V THERMAL VISCOSITY THERMAL DIELECTRIC PRANOTL
P CONDUCTIVITY OIFFUSIVITY CONSTANT NUMBER

ATM IlDEG.K MWICM-K G/CM-S SQ-CHIS

• * X 1000000

333.0 0,0167 O.ZW? 166.0 0,00091_ 1.07233 0.952

3S0.0 _.01_0 0.276 1_8,0 0,00104 1.07180 0,751

350.0 0,016Z 0.297 131,0 0.0010_ 1,07127 0.69?

3_1,0 0.0188 0.319 118.0 0.000922 1.0706W 0.68_

329,0 0.0211 0,3_1 106,0 0,000844 1.06991 0.662

314.0 0.0228 0,361 97,3 0,000782 1,06910 0.680

311.0 0,0231 0,365 95,6 0,000772 1.06893 0,679

3C9.0 0,023_ 0,369 9_.1 0.000?69 1.06876 0.672

306.0 0,0237 0.373 92,6 0.000770 1.06859 0.656

3_3,0 0,02_0 0.377 91,2 0.000?78 1.068_2 0,647

3_0.0 0.02_2 0.381 89.9 d.000779 1.06826 0.639

297.0 0.0245 0,385 08.6 0.000779 1.06809 0.632

294.0 0.02_8 0*388 87._ 0,0_0778 1.06791 0,625

290.0 0.0251 0.392 86.3 0.000778 1,06774 0,619

287.0 0.0253 0.395 85,1 u,00_777 1.06757 0.613

28k,0 0,0256 0.399 84.0 0.000776 1.06739 0.607

269.0 0.0270 0,41_ 79,2 0.000768 1.066W9 0.588

254.0 0.0283 0.428 75,_ 0.0u0758 1.06556 0.571

239.0 0.0296 0._39 71,8 _._748 1.06460 0.561

225.0 0.0310 0.W48 69.0 0,000737 1,06361 0.55S

212.0 0.0323 0,_56 66.6 0,000?26 1.06259 0.553

199,0 0.033? O,kbZ 64,5 0.000715 1,06154 0,553

187.0 0,0350 0,_67 62.? 0,000705 1,060_7 0.555

176.0 0.0363 0,_70 61,2 Q,000696 1.05937 0.558

155,0 0,0387 0._7W 58.? 0.000E79 1.05711 0.570

137.0 _.0_10 0,_75 56.9 0.000668 1,05_81 0.$8S

122.0 0,_3_ 0,_73 59,5 0,000661 1,052_9 0.6G2

110.0 O.O_W 0._71 5_,6 0.C00661 1,0S020 0.619

100,0 0.0_52 0,_68 5_.0 ;.00J667 1.04797 0,634

92.6 O,g_SS 0._65 53.? 0.00J677 1._$81 0.6_9

86.7 0.0_53 0._62 53.5 0.600693 1,0_375 0,663

82,0 0,0_7 0°463 53.5 0.000712 1.0_18_ 0,67_

75.2 G.0H39 0.N58 53.7 0,0_0736 1.03997 0,68_

75.1 0,0_28 0°457 53.9 0.000762 1,03825 0.693

72.6 0.0_17 0._57 5_,3 0.00&792 1.03665 0.700

70.5 &,0405 0,457 5_.7 0.00082S 1.03516 0.706

68.7 6.0393 0._57 55.1 5,00t859 1.93377 0.711

67.3 0.0380 0.458 55.6 3.00_896 1.032_8 0.71S

66.0 &,0368 0,_60 96.2 0.0_09_5 1.03127 0.718

6_,9 0.0357 0.k62 56,7 0.000975 1,03015 0.721

E3.1 0.033_ 0,_66 57.9 0.00106 1,0251_ 0.725

61,8 0,&31_ 0._72 59.2 0.00115 1,0263_ 0.727

6:.7 0,0299 0.478 60.5 0.00125 1,02_77 0,728
59.9 0,0278 0._86 61.8 0.00135 1,02338 0,729

59.2 0,0263 0._93 63.1 0,00146 1,_221_ 0,728

58.6 0._2_9 0.5_1 64.5 0,001S7 1.32103 0.728
58,1 0.0236 0.510 65.8 0.00168 1,02003 0,727

57.2 0.02G9 0.532 69.Z 0.00199 1.01791 0,723

56.5 0.0188 0,555 7_.6 0,00231 1.01621 0.7_0

56.G &.0171 0,579 75,9 0,0026E 1.01482 0.716

55.6 5.0196 0.603 79.2 0,00313 1.C136S 0.712

55.2 0.01_ 0.6_7 82.5 0.003_1 1,01266 0.709

S_.9 _.013_ 0,6S1 85,7 0.00362 1.01181 0.706

5_,B 0.0125 0.67_ 65.8 0,00_ 1.01107 0.703

5_,_ 0.011T 0.698 91,9 0,0uk68 1,010k2 0,7_0

5_.0 0.010_ 0,7_6 97.9 _,0_561 1._J932 0.695

53.6 0._09_2 0.792 10_.0 G.00661 1.G08_ 0.691

52,9 _.00758 0,905 116.0 _.00938 1,00683 0.672

_2.5 0,00636 1.01 130.0 0.0125 1.00574 0.668

52.1 b,0_5_8 1.12 lk3,0 0.016C 1.0_96 C.665

51.8 0._J481 1.22 155.0 0.0199 1.0_436 0,663

51,E 0,00_25 1.31 167,0 0,024C 1,03389 0,662

51.S 0.00388 1.40 179.0 0.0285 1,00351 G,662

51,3 0.63353 1._9 190.0 0,0332 1.03320 G.663

51.2 0.G_325 1.57 2_1.0 0.0]_1 1.0329_ 0.66_

51.0 0,00279 1.7_ 223.0 0.0_91 1.9_253 0.665

50.9 0.002_5 1,91 2_4.0 J.0613 1.03222 0,665

50,8 _.00218 2.07 265.0 0.074E 1,00198 0.669

50.7 0.0_197 2.22 285,0 _.088_ 1.0_178 Q.665

_,5 b.0_165 2,52 323,0 0.121 1,0_1_9 0.665

50,_ 0,0_1_1 2.81 360.0 u.157 1.03128 0.665

50,_ 0,0_12_ 3.08 395.0 0.196 1,00112 0.665

50,3 0,0011_ 3.35 _29._ 0.239 I.Q_100 0.665

50.3 0.0C099] ].61 w62._ 0.286 1,0]_90 0.665

50.Z _,_._9_3 3,86 494.0 D,337 1.00_82 0.6E5

50.2 0.0_u82_ _,1_ 526.0 0,390 1,0J075 0,665

50.2 0.000765 _.34 _6.0 0.447 1.G:_09 0.665

5_.2 U._&711 _.58 586.Q G,SU8 1,03064 0.665

50,2 5.00066_ _.81 616,0 0.571 1.00060 0.665

TWO-PHASE BOUHOA_Y

"" NUMBEN_ IN THIS _OLUMN HAVE BEEN MULTIPLIEO 8Y THE INOICATEO FACTUR
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60°0 ATMOSPHERE ISORAR

THERMODYNAMIC PROPERTIES OF HELIUM W

TEMPERATURE VOLUME ISOTHERM
CC/G DERIVATIVE

DEGo K ++ X .01 CC'ATM/G

3,0 0,05126 Z010.0

3.5 0.05166 ?060.0

_.0 0.05B09 ?050.0

k,5 0.05258 2010.0

5.0 G,05312 1960,0

5,1 0.05323 1950.0

5.2 0.05335 19W0,0

5.3 Q.05346 1930.0

5*N 0.05357 1920.0

5.5 0.05369 1910.0

S*6 0,05]80 1900.0
5-7 0.0539? 1880.0

5,8 0,05H0_ 1870.0

S.9 0.05N16 1860.0
6,0 0.05_28 18_0.0

6.5 0,05_90 1780.0

7,0 0.05556 1720,0

?.B 0.05626 1650.0

8.0 0.05?00 1590.0

B,S 0.0_777 1530.0

9.0 0.05059 1470.0

9.5 0.059_5 1_20.0

10.0 0-06036 1360,0

11.0 0.06Z32 1260.0

12.0 0.06_5 1170.0

13.0 0,06675 1100.0

1k.O 0.069?3 1030.0

15.0 0,07107 978.0

16,0 0,07_69 9_0,0

17.0 0.07765 911.0

18.0 0.0807_ 091.0

19.0 0.0_39_ 878-0

20.0 0.08723 BTI,O
21,0 0.0_060 869.0

22.0 0.09405 871.0

23-0 0.09752 876-0

2k.0 0.1010 88_.0

25.0 0.1046 89_.0

26.0 0.1002 906.0
B8,0 0,1154 933,0

30,0 0.1727 965.0
32-0 0.1331 100Q.0

3k,O 0.137_ 1G_O,O

36.0 0.1447 1070.0

3B,O 0.1521 1110.0

_0.0 0.159_ 1150.0

_5.0 0,1776 1760.0

50.0 0,1957 1360.0
55.0 0.Z136 1_70-0

60.0 0.?_15 1580,0

65.0 0.2_92 1680.0

?O.O 0,2668 1790.0

7_.0 0.28_ 1900.0

80.0 0.3019 2000.0

90-0 0.3367 ?010-0

100.0 0.5713 ?_20.0

125.0 0,_57N 7940.0

150.0 0.5_31 3_50.0

175.0 0.6?85 3_60,0

200,B 0,7158 _70,0

225.0 0.7_0 4980.0

250-0 0.80_2 5_90.0

275.0 0.969N 6000.0

300.0 1,055 6510,0

3_0.0 1.275 7550,0

kOC.O 1.395 8540.0

450.0 1,565 9560.0

500-0 1.735 10500-0

600.0 ?.Or? 12600.0

700.0 2._17 1_700,0

800.0 ?.TB_ 16700.0

900-0 3.099 18700.0

1000.0 3._0 BQ80C.O

1100.0 3.781 ?7600,0

1200.0 4.127 2_900.0

1300.0 4.463 26900,0

1_00,0 k.80_ 28900°0

1500.0 5.145 31000.0

ISOCHORE INTERNAL ENTHOLPY ENTROPY CV

DERIVATIVE ENERGY

ATHIK JIG JIG J/G-K J/G-K

6.16 6.192 37.36 1.N84 1,789
6.WO 6.563 37.97 1.695 1.339

6.93 7.0_5 38.71 1.905 1.5?3

7.31 7.696 39.66 ?.127 1.769

7.51 8,652 NO.B5 2,365 ?.033

7.54 8.751 41.11 2._14 ?-083

7.56 8*962 hl.qO 2._63 _.111

7.57 9.1_9 _1.65 ?,511 ?.180

7.58 9.337 _1.91 2,559 2,115

7.59 9,5?7 _2.17 ?.607 ?,131

7.60 9.719 h?.43 ?.65_ 2,1N8

7.60 9.913 _2.69 ?,TO? 2.165

7.60 10.1! k2.96 ?.7_9 ?.187

7.60 10.31 43.23 ?.795 2.200

7*60 10.61 h3.51 ?.8_2 ?.216

7,58 11.55 q4.92 3.071 ?,310
7.53 12.64 h6.h2 3.797 ?.397

7._7 13.80 k6.QO 3._16 ?.W79

7.38 15.01 _9.66 3.736 2.553

7.78 16.28 51.k1 3.95? 2.6?0

7.17 17.60 63.?3 _.16_ ?.681

7.Ok 18.9_ 56.12 k.373 ?,736

6.90 ?O.kO 57.10 _.579 ?,786

6,56 03.69 61.58 5.013 ?.870

6,21 27.16 66.34 5.434 2.9_5

S.86 30.77 71.35 5.841 _._94

B,52 3_.50 76,09 6.234 3,031

5.18 38.32 82,07 E,617 3.0SR

H.07 _1.90 87.30 6.g53 3.000

_.58 45.53 97.13 7.282 3.099

_.30 N9.18 98.77 7.598 3.11_

4.05 57.86 103,9 7.90? 3,126

3.87 56,55 109._ 8.19N 3.137
3.60 60.?_ 115,3 8.47N 3.14_

3._1 63.92 171.1 8.7_2 3.153

3,23 67.60 176.9 _.000 3.159

3,07 71,76 130,7 9.247 3.165

Z.92 74.91 130.5 9.N86 3.170

?.79 78.60 144.3 9.713 3.17_
2.55 05.77 156.0 10.1_ 3.180

2.34 9?.93 167.5 10.54 3.185

?.I? 100,0 _79.1 10.92 3.188

2,01 107.1 190.6 11,77 3.190

1.8_ 11_.1 ?02.0 11,59 3.197

1.76 171,0 713,k 11-90 3.197

1.66 177.9 ?74*B 12.19 3,192

1._5 1_.9 257.9 12.85 3.191

1.28 161.7 780.7 13._ 3.180
1.16 178.3 308.? 13.96 3.185

1.00 19_.8 33_,5 I_._N 3.181

0._57 211.2 36?.7 1_.07 3.170

_.865 277.N 789.? 15.27 3.175

0,82? 245.6 _16.5 15.64 3.171

_.767 269.7 _3.3 15.99 3.169

0.577 291.8 _96.B 16.67 3.163

_.007 373,7 5_9.S 17.17 3.159

0._8_ 403.0 681,q 18.35 3.151

_-_0_ 481.8 811.9 19-30 3.1_5

0.34_ 660.3 9_.R 2C.11 3.1_!

0.299 538.7 1073.0 20,00 3.138

O.BBF 717.0 1203.0 21._? 3.135

0-239 795.2 1_33-_ 21.96 3.13_

0._17 873.5 lk63.0 22._E 3.152

0,199 901.6 1593.0 27.91 3.131

0._1 1108.0 1852.0 23.71 3,129

0.15C 176_,0 7112.0 ?_._1 3.120

0._33 1420,0 2371.0 26,02 3.127

0.120 1576.0 2631._ 2_.56 3.126

_.IOC 1808,0 3_50,0 26.5_ 3.105

0.0655 7199.0 3669.0 27.31 3.12N

_.07_0 2511.0 k188.0 28,00 3.123

_,_665 2823.0 4707,0 28.6? 3.123

8._599 _135.0 5726._ 29.16 3.122

0.05_4 34_7.0 F7_5,D 2_.66 3.122

0.G479 3758.0 626_.0 30.11 3.122

0.0_61 4070.0 6784.0 30.52 3.127

0.0426 43_2._ 7303.0 30.91 3.171

0.0199 4694.0 7827.0 31,27 3.121

CP

1.440

1.527

1.781

2.104

?.44_

2.509
2.552

2.$56

2.586

2.616

2-6_8

2.680

?.713

2.7_6

2.780

2.950

3.122
3.290

3._56

3.61_

3.775

3,970

4.077

_.352

4.605

_.835

5.038

S.208

5-362
5._86

5.504

5.660

5.716

5.757

5.785

5.803

5.813

5,818

5.818

5.807

5,788

5,76_

5.737

S.709

5.681

S.653

5.589

5.533

5._65

5._17
S,38_

6.360

5.340

5.306

6.284

5.247

5.226

5.214

5.707
5.202

6.199

5.196

B.195

6.193

6,192

5.151

5.191

5,191

5.191

S,191

B.191

5.191

5,191

5-191

5.191

5.191

5.191

VELOCITY

OF SOUNO

HIS

476.8
487.6

N97.8

W92.S

488.7

487.9

487.9

k88.0

487.6

487.0

486-6

486.0

N85.3

48_.7

N83.9

480.0
N76.7

_71.3

466.8

46_.k

458.0

_53.8

_9,6

_0.0

431.k

423.5

416.6

_10.8

_07.0

_O_,Z

_07-3

401.3

401.1

401.5

407.k

NO3,8

405.6

k07,7

410.1

415.5

471.6

427.8

434.5

4_1,3

N_8.2

N56.2

477.6
q69.8

506.7

5?3.2

539.2

55_.8

569.9

58_.7

613.2

6_0.6

70_,0

762.2

816.3

067.0

915.0

960.6

100k.0

10_6,0

1125.0

1199,0

1268-0

133_.0

1457.0

1571.0

1677,0

1776.0

1871,0

1961.0

?0_7.0

2129.C

2209.0

?285.0

TWO-PHASE BOUNDARY

_ NUHOEBS IN THIS COLUMN HAVE BEEN MULTIPLIED BY THE I_OICATED FACTCR
12(_



THERNOPHYSICAL PROPERTIES OF HELIUM

60.0 ETHOSPHERE ISOBAR

TEHPERAIURE _E_SITY VIDNIOV) VIOPlOU) -V(DPIOV) T
p v

OEG°K G/CC Jl_ AIN-CC/J ATN

_* K 100

3,0 19.51 91.6 2_.5 392,0

3.5 19.36 95,1 2_,7 398.0
4.0 19.20 101.0 23.T 394.0

4.5 19.02 120.0 21.T 383.0

5.| 18.83 125.0 19.6 369.6

5.1 18.79 122.0 19.3 366.0

9,Z 18.7_ 125.0 19.1 36_._

5.3 18.70 122.0 19.3 361.0

S._ 18.61 122.0 19.2 358.0

5.S 18.65 122.0 19.1 355.0

5.6 18.59 123,0 19,0 352.0

5.7 18.55 123.0 18.9 34_.G

5.8 18.51 12_.0 18.8 346.6
5.9 10,_ 12_.0 18.7 343.6

6.0 18.4Z 124.0 18.6 3_0.0
6.5 18.21 126.0 18.0 824._

7,0 18,00 128.0 17.5 369.0

7.S 17.71 129.0 16.9 29_._

8.0 17.5_ 131.6 16.5 279.0

8,5 17,31 131.0 16.1 265.0

9.0 17.01 132.3 15.7 251.0

9.5 16.82 133.0 15.3 238.0

10.0 16.97 133.0 15.6 226.&

11.0 16.05 135,0 1W.Z 203.0

12.0 15.5Z 135.0 13.6 182.6

13.0 14,98 135.0 13.1 164.0

14.0 14.46 136.0 12,6 1_9.0

15.0 13.91 137.0 tZ*2 136.0

16,0 13.39 139.0 11.0 126.0
17.0 1Z,88 141,0 11,5 111.0

18,0 12.39 143.0 11.2 110.0

19.0 11.91 146.0 10.9 165.0

_0*0 11.46 190.0 10.6 lO0.O

21.0 11.0_ 153.0 10.4 95,9

2Z.0 10.63 151.0 10.2 92.6

23*0 10.25 161.0 10.0 _.9

24.0 9.896 166.0 9.86 81.5

25.0 9.559 170.0 9.6k 85.5

26.0 9.Z_2 119.0 9.50 83,7

28.0 8.662 184.0 9.24 80.8

30.0 8.148 19W.O 9.02 78,6

32.0 7.689 204.0 8.84 76.8

34.0 7.278 215*0 8.67 7S.k

36.0 6,909 225.0 8,53 74.2

38.0 6.5t6 236.0 8.41 73.3

_0.0 6.ZT_ 2_7._ 8.29 72.5

_5.0 5.631 213.0 8.06 70.9

50.0 5.110 306.0 7.88 69.7

55.0 4.681 321.0 7.14 68.9

60.0 4.3_0 35_.0 7.62 68.2

65.0 k.013 381.0 7.52 61.6

70.0 3.7_8 498.0 1.44 67.1

75.0 3.$16 435.Q 1.37 66.7

80.0 3.313 _62.0 T.31 66.3

90.0 Z.910 515.0 7.21 65.7

100,0 2,6_3 568.0 7.13 65.2

lZ5.0 2,186 699.0 7.00 6k.2

150.0 1.8_1 830.0 6.91 63.5

175.0 1.591 960.0 6.85 63.6

Z00.O 1.401 1090.0 6,81 62.6

225.0 1.251 1220.0 6.78 62.3

250.0 1.131 1350.0 6.75 6Z.1

275.0 1.032 1480._ 6.73 61.9

300.0 0.9483 1610.G 6.71 61.7

390.0 0.816_ 1870.6 6.69 61.W

_50,0 0.7168 Z130*0 6.67 61.2

450.0 0.6388 2390.0 6.65 61.1

500.0 0.5761 26_0.0 6.64 61.6

600.0 0.4816 3160.G 6.63 60.8

700,0 0.4137 3680.0 6.6_ 60.b

800.0 0.3626 42U0.0 6,61 60.5

900.0 0.3Z27 _120.0 6.6C 60.5

1000.0 0.2907 5240*0 6.66 60.4

1100.0 0.2645 5760.0 6.59 60._

1200.0 0.2_26 6270.0 6.59 60.3

1300.0 0.2241 6190.0 6.59 60,8

1400.0 0.2082 7310.0 6.58 6003

1500,0 0.1944 7830.0 6.58 60.2

(OV/OTI/V THERMAL VISCOSITY

P CONDUCTIVITY

1/OEG*K MW/CM-K G/CM-S
*" X tO_OG3_

6,0157 3,290 1_5.0
_*0161 0.311 1_?.0

_*_176 J.33_ 138._

Q.Q191 5.357 1_._

0.0266 0,3_ 110.&

0.&2_8 a.388 108._

6,_210 0,3_2 1_6.0

Q.0212 Q.397 1_5._

6.0216 0._06 1C1._

0,622Q 0,_13 98._

0.02_2 0._16 _6.9

G.02Z_ 0._6 95,6

0._23_ Q._37 89.6

6.625_ 0._65 80.6

0*0265 _._76 17,1

0.0275 0._85 1_.2

6*6285 5._93 71.7

0*6296 a*W99 69*5

6.03u6 J.6_3 67.6

0.032_ 3.5_9 6_.5

_._3_1 0.512 _2.3

@*0_57 5.512 60.6

_,032_ 3,511 59.3

_*038C 3.568 58.5

0._381 J.5_5 51.8

6.0396 0,5Q2 57.5

0*0390 _._99 51.3

_,0387 3._97 51.2

6.03_2 0._95 5?.3

6.0316 3.493 51,5

0.0368 5._92 51.8

Q.0860 0._92 58.1

0,0351 5._92 58,5

_.03_2 Q._9_ 58.9

0,0333 0,493 59._

0.0315 9._96 6u._

0.0298 0.5_G 61.6

0.028_ 0,505 62,8

0,0267 0.511 6_*0

0.0253 5.517 65.2

0.6241 5.52_ 66*5

C.OZZ9 0,53? 61.8

0.62_ 3*552 71.1

0.018_ 0*573 7_.3

0._168 Q.596 ?7*6

0.015_ 5.618 80,8

0*0142 0.6_2 83.9

0.0132 3*665 81.1

0,0123 0,688 90.2

0.0116 0,211 93.2

0,_103 0.158 99.?

U.00931 0,80_ 1CS.O

0*00751 0.915 112.0

0.00630 1.02 131.0

0.00543 1.13 1_].0

0.00_78 1,22 156.6

0,00427 1.32 168,0

0,0C385 1._1 179.Q

0,00351 1,49 190.0

0.00323 1.68 2ul*G

0.00218 1.75 228.0

0.Q_244 1,91 2_.0

0.00218 Z,OT 265.0

G,b0196 2.22 285*0

0,0616_ _.52 3_3,0

0.001_1 2.81 866.0

0.00124 3._8 395.0

0.00110 3.35 429,G

0*605991 3.61 _?.0

U*000902 3,86 _*0

0.000821 4.16 526°0

6,00_16_ _.34 556.0

0.@0071_ 4*58 586.0

0,000663 _.81 616.0

THERMAL OIELECTRIC PRBNOTL

OIFFUSIVITY CONSTANT NUMBER

SO-CM/S

],031_3 1.6738) 0.8_3
_.OOlC5 1,C7325 _.7E8

]._J{!972 1.07Z63 0.731

,.U_(8_8 1,37_ 0,729

3._ 1._7119 0.722

_*&_6815 I,_710_ 0.119

_*0_0_12 1,3_8_ 0.710

_,&_OZ 1.3_657 0.681

_._.6822 I,_?_2 0.672

_._L_22 I..?_21 0.663

_.601822 _*07611 _.654

_*0J[82_ 1.35995 0.6_7

_.00_821 I.G_980 0.639

_*_181_ 1.06883 0.605

_*0J_8_5 I.Co_00 0.588

_*00_795 _,0o_13 0,570
O*O_[?q5 1.6&_25 0,56_

0,0_7_8 1,0653_ 0.553

;.C_6765 1.;6_1 0.5_9

_._755 1.063_6 0.5_1

J.o_r7_5 1,3&2_9 0,5_8

3,_6729 1._60_9 6.552

_._5_716 t._8_6 O,SEa

_._1767 I*_6_1 0.572

_,006102 I,_35 6.586

_.0_17_I I._5232 C,599

_,0JC111 I,_831 0,628

_._0(7_ L.C_650 0.640

J.OQ_137 1,_70 0.652
Q.G&UI55 1._299 0.662

_,05_17_ 1.0_1_1 0.671

u.uut8_ 1,C]9_ 0.679
_,aa(827 I._38_ 0.685

0.006855 1.03105 0,691

a,_J_885 1.635_1 0,696
g,6_917 1.03457 0.701

0.05_986 1,_8?38 0,168

_._1_6 I._3c_ 6.713

3._11_ 1,_2871 0,116
3,0Q122 I._27%6 0,719

5.0_131 1.01578 0.7?0

_._61_G 1,0_52 0.121

a. GD15G 1.0_339 0.721

_._u175 1.02098 0,725

3.a_&3 1,01903 G.117

Q,0023_ 1.017_2 0.71_

Q.[JOE3 1.01607 0,711

0.00295 1.01_ 0,708

_._33_ 1.0139_ 6.705

_,_0865 1._18_? 0.162
3.._6Z 1.01231 u.7_O

J.0_81 1,G1103 0,695

J,00565 1.010_6 0.690

0.0_798 1,03811 0.671

0._IC6 i,_3683 0.667

J.0136 I._596 0.664

0.0168 1,61519 0,662

_,&OG_ 1,60_6_ 0,661

6.02_9 1,Q]_1_ 0.661

0._179 1.0)_82 0.662

0.03_ 1.03851 0.663

_._12 I._333 0.664

3,Q513 1._0266 _.66_

3.061_ 1.01237 0.66_

0,07_ 1.0_213 0.668

J.1C1 1._178 0.665

a,131 1.00153 0.665

_,18_ 1.0013_ 0.665

0.OOC 1,6Jl19 0,685

0,239 1,00168 0.665

0.281 1.03098 0.665

u.326 1.63_90 0.665
_.313 1,03083 Q,665

0,_2_ 1,_71 0.665

J._?6 1,_7_ 0.6_5

• rWO-PHASE BOUNDARY

_" NUMBERS IN T_IS CCLUMN MArE BEEN MULTIPLIEC BY THE INDICATED FACTOR



70.0 ATMOSPMERE IS03AR

THERMODYNAMIC PROPERTIES OF HELIUM W

TEMPERATURE VOLUME ISOTHERM

CC/G DERIVATIVE

DEG* K _* X .01 CC-ATM/G

3,0 0,05002 2150.0

3.5 0.050_ 2Z_O,O

_.0 0.053a6 2250.0

k.5 0.05131 2230-0

5.0 0.05180 2190.0

5.1 0.0S190 2180.0

5,2 0.05200 21?0.0

5.3 0.05210 2160.0

5._ 0.05220 2150.0

5.5 0,05230 21k0.0

5-6 0,052_0 2130-0

5,? 0.05250 2120.0

5.8 0.05261 2110.0

5.9 0.05271 2090.0

6.0 0,05Z82 2080-0

6.5 0.05336 2020.0

7.0 0.05393 1960,0

7.5 0.05_53 t090.0

8-0 0-05515 1830.0

8.5 0.05S81 17T0.0

9.0 0.05650 1710,0

9.5 0.05722 1650,0

10.0 0.05798 IBOC.O

11.0 0.05361 1500.0

12,0 0,06136 1_00.0

13,0 0.06323 1320,0

1_.0 0.0652_ 12_0,0

15.0 0,0673? 1180-0

16.0 0.0696_ 1130.0

17,0 0.0720_ 1090.0

18.0 0.0745_ 1060.0

19.0 0.07715 10_0.0

20,0 0.0798_ 1020.0

21.0 0.08261 1010,0

22,0 0.085_ 1000.0

23.0 0.00833 1000,0

Z_.O 0.09126 1000,0

25.0 0,09k73 1010.0

20.0 0,09723 1020.0

28,0 0,1033 10_0.0

30,0 0.1045 1060.0

32.0 0.1157 1090.0

3_.0 0.1219 1120.0

36.0 0.1281 1160,0

30-0 0,13_k 1200-0

_0.0 0.1_6 1230,0

_5.0 0.1562 1330,0

50.0 O.l?t7 t_O.O

55.0 0.1071 15_0.0

60.0 0.2_2_ 1650.0

65.0 0.2176 1750,0

70-0 0.23?8 1860.0

75,0 0,2_79 1960.0

80.0 0.2629 2070.0

90.0 0,2320 2280.0

100.0 0.3225 Z_9C.0

125.0 0.336k 3000.0

150.0 0,_598 3510.0

175.0 0.5_18 _020.0
200.0 0.6161 k530.0

22_.0 0.6892 50_0,0

250.0 0.7522 5550.0

275.0 0,83S1 6060,0

300,0 0.9081 6570.0

350,0 1.05_ 7580.0

_00,0 1.ZOO 8bO0,O

kSO.O 1.3_6 9620,0

500.0 1._92 10600.0

600.0 1.78_ 12700.0

?00,0 2.076 1_70_.D

800.0 2,360 16700.0

900.0 Z,660 18800,0

1000,0 Z,952 20800,0

1100.0 3,2_ 22900,0
1200.0 3.536 Z_00.0

1300.0 3.8_9 26900.0

1W00.0 _.lSt ?gOOO.O

1500,0 4.413 31000.0

ISOCHORE INTERNAL ENTHALPY ENTROPY CV

OERIVATIV6 ENERGY

ATM/K JIG JIG J/G-K

?.9I 6.718 k2.19 1.386 1.3W3

7.34 7.051 42,63 1,606 1.311

?.SW 7._06 W3.56 1.812 1.W81

7,75 _.Og? h4.h8 _.030 1,73_

7.86 0.906 W_.E_ 2.262 2.002

7._8 9.097 _5.91 2.309 2.053

7,89 9.?gg 46.1_ ?.357 2.003

7,09 9._78 _6._3 ?._05 2,073

7.90 9.658 _6.60 ?,_57 2.009
7._0 9.839 WE.q3 ?oWPR 2.106

7.00 10.02 W?,19 2,54_ 2olZh

?,_0 10.21 47._5 2.590 2.1k2

7._0 10.W0 W7.71 2.636 ?.160

7.59 10.59 W7.97 2.6_1 2.17q

?.89 10.78 WS.?k 2.727 2,198

7.B? 11.77 49.62 2.950 2.2_1

7.83 12.82 51,07 3.16R 2.380

7,70 13,93 57.&O 3.383 2.W62

7.71 15.09 54.20 3.59_ 2.537

7.6W 15.30 55,88 3.002 2.605

7.55 17,56 57,63 W.006 ?.667

7._ 18.07 59.W6 k.207 2.7?3

7.33 20,23 61._5 _,WOE 2.77W

7.02 23,39 65.60 q-025 2.867

6.70 26.74 ?0.26 5,230 2.9_7
6,38 30.2? 75.07 5.621 2,990

E,06 33.B_ 80,11 5.gg_ 3,029

E.?W 37.55 8_.33 E.363 3.058

5.q_ _1.0_ 90._0 6.69C 3.083

_.15 _.51 95.61 7.000 3.102

_.80 _8.07 100-_ 7,311 3.115

_.61 $1,67 106._ 7.605 3.131

_,37 55,28 111._ 7.888 3.1_1

h.l_ 58._1 117o_ 8.101 3,150

3.93 62,55 123-1 0._ 3.157

_.?h 66,18 128.8 8.676 3.163

3,56 69.0? 13W.5 8.919 3,169

3.40 73._ 1_0.3 _.15_ 3.173

3.2W 77.06 IW6.0 9.379 3.178

?,97 5_.27 157.5 9.306 3.18_

?,TW _I._3 169,1 10.20 3.189

2.5h 98.5_ 180,6 1£.57 3.193

2,36 10S.6 192,1 10.92 3.196

2.21 112.6 203.5 11.2_ 3.198

2.07 119.6 21_,9 11.56 3.199

1,95 126.5 276,2 11.65 3.199

1,70 1_3,6 75_._ I2.51 3,199

1,51 160,6 282.3 13.10 3.196

1.35 177.3 310,0 13,63 3.193

1.23 193.9 337._ lk.ll 3.190

1.12 210.3 36_.7 lh*Sh 3.186

1.0_ 226,? 391.8 th*9h 3,183
0,g62 2_2.9 _18.7 15,32 3.180

0,8_7 259,1 _5.6 15.66 3.177

3.?92 291,3 _99,0 IE,29 3.171

0.709 323.3 552.1 16.85 3.166

0.563 W02.0 683.9 18.03 3.157

0._67 _01.7 815.0 18.98 3,150

0.39q $60._ 9_5.5 19.79 3.145

0._9 638.9 1076.0 20._8 3.1_2

0.310 717.2 1206.0 21.10 3.139

0.279 7_5.5 1_36.0 21.65 3.137

3.75_ 873.7 1_66.0 22.1_ 3.135

0.232 _51,8 1596.0 2_.59 3.13k

0.199 1108.0 1856.0 23.39 3.131

0.17_ 126_.0 2115.0 2_.09 3,130

0,155 1_20.C 2375._ 2_.70 3.129

0,137 1576.0 263_.0 25-25 3.128

0.116 1888.0 3153.0 76.19 3.126

0.11O 2200.0 3672.0 26.99 3.125

0.0673 2512.0 _191,0 27,68 3.12_
3.0776 282_.0 k710.0 28.30 3.12k

0.0bgB 3136.0 5229.0 28.8_ 3.123

0.0635 _7.0 57_8,0 29,3_ 3.123

0.0582 375q.0 6267.0 29,79 3.I23

0.0537 4071.0 6787.0 30.20 3.172

_._99 _383.0 7306,0 30,59 3.122

0.0_6 _6q5.0 7825.0 30.95 3.122

J/G-K

CP

1.570

1.528

1.7_6

?.C55

2.306

Z,691

2._93

2,571

Z.550

2.580

2.611

2.6_2

2.673

2.705

2.066

3,_27

3.185

3.339

3.090

3.63?

3.700

3.919

_.172

k._05

_.813
_.983

5.1_3

5.279

5-393

5._86

5.561

5.620

5.666

5,_00

5.7?5

5.7_2

5.?5_

5.763

5.759

5.7_7

5,730

5.709

5.607

5.66k

5,608

5.555

5.509

5._35

5*_05

5.380

5.358

5.323

5.297

5.755

5.231
5.218

5.209

5.203

5.200

5.197

5.195

5.193

5-19_

5.191

5.190

5.190

5.190

5,150
5,190

5.190

5.191

S. lql

5.191

5.191

5.191

VELOCITY
CF SOUNC

M/5

503.1

51W.2

518.8

518o0

51W.0

513*3

513.2

513.;

513.0

517.5

512,0

511._

510.8

510.2

509.5

505.9

501.9

497,_

k93.8

k89.9

486.0

_82,1

_70.3

469.6

k61.5

k5_.0

k_7.2

hhl._

k36.9

h33.5

_30.8

h28.9

W27.7

427.2

N27.2

_27.8

_28.0

_30.1

_31,8

_35.9

WWO.8

_;6.1

k51.9

_58.0

486,7

503,0

519.0
53k.8

550-2
565.3

580.1

59k.5

ESZ,k
6_9.1

711.5

769°0

82?.5

877.7

920.3

96_.5

1009.0

1050.0

1129._

1202.8

1271.0

1337.8

lh6O,O

1573,0

1679.0

1770.0

1872.C

1962.0

20W8.0

2130.0

2210.0

?286.0

" TN0-PHASE _OUNDARY

_ NUHSERS IN THIS COLUHN HAVE _EEN HULTIPLIED OY THE INDICATED FACTOR



70,0 ITMOSPHERE ISOBAR

THE RMOPHY SICAL PROPERTIES OF HELIUM W

TEMPERATORE DEqSITY VIOH¢DVI V(DPIBU) -VIOP/OV) (DV/DT)/V
p v T p

OEG*K GIGC J/; ATM-CC/J ATH IlDEG. K

•w X 10C

3,0 19,93 85.1 29,W W23.0 0,018W
3.5 19.83 9Z,W 28,2 w_W.O 0.0165

W.O 19.66 103.0 25.9 WW3.0 0,017J

Wo5 19,W) 115.0 23.0 _35.@ b,6178

5.0 19.31 128.0 20.3 W23.0 0,G186

5.1 19,27 131,0 19.9 W2D.Q 0.0186

5,2 13.23 132.0 10.7 W18,Q G,0189

5.3 19.13 131,0 19.8 W15.0 0.019_

5.W 19,16 132,0 13,7 W12.0 G,0191

5°5 19,1Z 15Z.0 19.6 WU9.0 0._193

5°5 19o05 133,0 19,5 W06.0 0.019W

5.7 19.05 133.0 13.W WG3,@ 0,0196

5.8 13.01 13_.0 19.2 _@0.0 0.0137
5.9 18,97 13S.0 19.1 397,0 0.0199

6,0 18.93 135.0 19.0 394.@ O,OZ@O

6*5 18,74 133.0 18.3 3?8,0 0.0208
7.0 10.5_ 1_0.0 1T.F 363.0 0,0216

7.5 18,3_ lk2.0 17.2 347,0 0.022_
8.0 18.13 l_k,O 16.8 332,0 C.0233

8.5 17,92 1_5.0 16.4 317,0 0,02W1

9.0 17.70 146,0 16.0 363,0 0,02_9
3.5 17.48 I_T.O 15.6 269,0 0,0258

10.0 17._5 147.@ 15,3 276.G 0.0266

11.0 16.78 lk9.0 14.6 251.0 6.0285

12.0 16.30 150,0 1_.0 220.0 0.0233

13.0 15.81 151.0 13.5 ZCB.0 6.0306

14.0 15.33 151.0 13,0 190.0 0,031_

15,0 14.8k 152*D 12,6 175.0 0.w328

16,0 14.36 153.0 12,3 162,0 0.0335

17.0 13.88 155.9 12.0 151,0 0,_3_a

18.0 13,_1 157,0 11,7 1_2,0 0.03_3

19.0 12,96 160.0 11,_ 13_,0 0,034_

20,0 12.52 163,3 11.1 123.0 0.03_2

21,0 12,11 166.0 10.9 122.0 0.0333

_2.0 11.70 169.0 10.6 117.0 0.0335

23,0 11.32 173.0 10._ 113.C 0.033_

Z_.O 10.95 177.0 10,3 110,0 0.0323

25,0 10o61 181,0 10,1 107.0 0.0317

26,0 10.28 196,_ 9.92 1_5._ 0.031_

28.0 9.680 195.C 9,64 ICO.G 0.0296

30.0 9,136 20W.3 9.39 97.0 0.0282

32.0 8.6_6 214._ 9.18 9_.4 C*6269

3_.0 8.205 22_*C 9.00 92.3 0.0256
36.0 7.805 23_.0 8,8_ 90.5 0.024_

30,0 7._2 2_5,0 8,69 89,0 0,0232

40,0 7.112 255,0 0.57 87,8 0,0222

• 5.0 6,_03 282,0 0,30 05,4 0.G199

50.0 5.825 309.0 8.09 83.7 R.518_

55.0 5.3_5 336.0 7.93 82._ G.016k

50.0 4.941 362,0 T.T9 81.4 0,0151

65.0 _.535 389,0 7,68 80.5 0,G1_0

rO.O _,2_6 416.0 7.58 79,8 0.013J

75,0 k.03_ 4k3,0 T,SG 73.Z C,_121

80.0 3,804 47_.0 7*_3 78.7 0.011_

30.0 3,_16 523.0 7.31 77.8 0.0102

100.0 3.1_1 576*0 7.22 77.1 0,00920

125.0 2.523 70T.O 7,06 75,7 0,U_7W3

1_0,0 2.129 830.0 6,96 7W.8 0,00629

175.0 Io8W_ 960.0 6,9& 74.1 0.00539

_00.0 1.623 11_0.0 6,85 73.6 O,03WTW

225.0 1.W51 1230.0 6.81 73,2 0.064_M

250.0 1.312 1360,0 6,78 72,8 0,00383

2T5.0 1,1_7 1W90.0 6.75 72.6 0,003W9

300,0 1.101 1620.@ 6.7_ 72,3 0,00321

350.0 0.9_88 1080.0 5.T1 72.0 0,00277
4_0.0 0.033W 2130,0 6,68 71,7 Q,002W3

kSO.O 0.7_31 2390.0 6.67 71.5 0.09217

500.0 0.6704 2650.0 6,65 71,3 0.0_196

600.0 0.5606 3170.0 6.63 71,0 0,_0164

700.0 0._518 3690.0 6,62 70.9 _,001_1

000.0 0,_22_ _210.0 6.61 70,7 0,00123

900,0 0.3760 _730.0 6,6& 70.6 6,09110

1000.0 0.3388 52_0,0 6.60 70,5 0,_099J

1100.0 6.3083 576_.3 6,59 70,5 O.OG_9@L

1200.6 0.2828 6280.0 6.59 70.k 0.000826
1300.0 0,2612 6800,Q 6.59 70,_ 0.00_763

1_00.0 O.ZW27 7320,0 6.59 70.3 &,G,OT_9

1500,0 0.2_66 78_0.0 6.58 70.3 0.000662

THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL

CONDUCTIVITY DIFFU$IVITY CONSTANT NUMBER

MWICM-K G/CM-S SQ-CM/S

"* X 1000000

0,303 217,0 0,00U966 1.57571 1.12

0.325 185,_ ;.00107 1.07106 0,870
0.3_9 161.0 0.00102 1.07_2 0,807

0,373 143,0 0.000931 1,37376 0.785

a.397 128.0 0.000861 1,07305 0,770

0._1 125,0 0,0_0850 1.07290 0,7E6

0,_06 123.0 0.000847 1.07275 0,755

0.410 121.0 0,00_858 1,&7261 0,73_

0._15 119._ 0.0_0859 1.07247 0.722

0._19 117.0 0,000_60 1,07233 0.710

0,42_ 115.0 0,000860 1,07219 0,699

0,_28 113,0 0,000860 1,07204 0.689

0.432 111.0 0,000860 1.07190 0.680

0._36 109,0 0,0G0860 1,07175 0,671

0._0 108.0 0.000859 1,07161 0,662

0,_53 101,6 _,06085_ 1.07086 0,628

_._75 9k,6 0,0008_6 1,07010 0,603

0,489 89.6 0,000838 1,06932 0.583

0,562 85,5 0.003828 1,06851 0.569

0,512 81.9 G,500819 1.06769 0,558

0,521 78.9 0.000809 1,0668_ 0,551

0,5_8 76,3 0,00_799 1.06S95 0,547

0,533 7_,0 0.600789 1.06510 0.Skk

0,541 70.3 0,000773 1.06329 0.543

0,545 67,6 _.0G0759 1,06145 0.5k6

0,547 bS.S 0,00074_ 1.05960 0,554

0.546 64.0 0.0007_1 1,0577k 0.$63

0.545 62.8 0.000735 1,05588 0,57_

0.5_2 61.9 _,00073_ 1,05k02 0,587

0,539 61.3 0,000736 1,05220 0.600

0.536 _0.9 0,00_7k1 1.050kZ 0,613

0.533 60.7 0,000750 1.0_869 0,62_

3.531 60.6 _,000762 1.04702 0.635

0.528 E0.7 0,000777 1.0kS43 0.6k5
0.527 60,8 C,00079W 1,04390 0,65_

0.525 61.0 0.00681_ 1,0_45 0,662

0.52_ 61.3 0.000_36 1,0_107 0,663

0,524 61,6 5.000860 1.03976 0.676

0.52_ 62.0 0.00J885 1,03852 0,681

0.525 62.9 0.5009_1 1,03623 0,691

a,527 63.9 0.00lEG 1.03_17 0.698

_.531 65.0 0.061G7 1.C3232 0.T_3

0.536 66.1 0,001I_ 1,G]965 0,7_8
0.5_1 67.3 0.00121 1.02915 0.711

0,547 68.5 0,00129 1,02778 0.713
3.553 b3.7 C.00137 1,0265W 0,71W

0,572 72,9 0.00159 1,02387 0,715

_.591 76,0 0,00183 1.02170 0.71W

0,613 79.2 G.00218 1,01991 0.712

J.634 82,3 6.00235 1.01839 0.710

0,657 85.W 6.002E3 1,01710 0.707

0.679 88.5 0,00293 1,01598 O,TO_

0,702 91.5 0,00323 1,_1500 G,701

0,725 9k.5 0._356 1.01_1_ 0,699

0,770 100,0 0,0_24 1,01269 G,694

0,8_5 106,0 0,00496 1,01152 0.690

0,926 118,3 C,00698 1.00937 0.671

1.03 131,0 0,00927 1,00790 0,6E6

1.13 1_4.C Q,0118 1,00683 0,663

1,23 196,0 _,01_E 1.00602 0.662

1.32 168.0 _.0175 1,00538 0.661

1,_1 180.0 0.0207 1,03_86 0.660

1.56 191,_ 0,02_1 1.00_4 0.661

1,58 202,0 0.0277 1,00_08 0,662

1,75 224.0 0,0355 1.00352 0,663

1.91 2_5.0 O.O_E 1.Q_309 0.66_

2,07 265,0 0,0537 1.002?8 0.664
2.23 285,0 _.064[ 1.0J248 0,66_

2,53 323.0 0.0868 1,0_208 0,665

2.81 360.@ @.112 1,0_17_ 0.665

3.08 395.0 0.1_1 1.001S6 0,665

3.35 k29,0 0,172 1,00139 0.665

3,61 _62.0 0.Z65 1.0_125 0.665

3,86 k9_.0 0,2kl 1,00114 0.665

_,10 526.0 a.280 1,03105 0,665

W,34 557.G 0.320 1._0097 0,665

W.58 507*; 0.363 1,3J_90 0.6E5
_,81 616.0 0.409 1,_Q08_ 0.66S

TWO-PHASE 80UNOA_Y

ee NUNBERS IN T_IS _OLUNN H_VE BEEN MULTIPLIEO BY TNE INOICATEO FACTOR



00.5 AIMOSPHER. C IS09AR

THERMODYNAMIC PRCPERTIES CF HELIUM 4

TEMPERATURE VOLU_E ISOIHERM

CC/G DERIVATIVE

DEG. K "_ X .01 CC-AIM/G

3.5 0.0W936 2400,0

W.O 0.04@78 2W4C.0

4.5 0.05021 2440.0

5.0 0,05066 2400,0

5.1 0.05075 2400.0

5.2 0.05084 2390.0

5.3 0.05093 2380-0

5.4 0.05102 2310.0

5.5 0.05111 2360.0

5.6 0.05120 2350.0

5-7 0-05130 2340.0

5.0 0.05139 2330.0

5.9 0.05148 2320.0

E.0 0.05157 2310.0

6.5 0.05206 2250.0

7.0 0.0_256 2180.0

7.5 0.05J08 2120.0

8.0 0.05363 2060.0

6,5 0.05420 2000.0

9,0 0.55_80 1940,0

9.5 0.05542 1880.0

10.0 0.05607 1030.0

11.0 0,0574? 1720.0

12-0 0.05896 1620.0

13.0 0.06054 1530.0

14.0 0.06222 1450.0

15.0 0.06_00 5300.0

16.0 0,06589 1320,0

57=0 0.06789 I?&C.O

18.0 0.06990 1230.0

lq-0 0.07216 1200-0

20.0 0.0?442 I180.0

21.0 0.0?6?5 1160.0

22.0 0.07914 1150.0

23.0 0.03158 1140.0

2M.0 0.0542? 1130.0

25.0 0.0_660 1130,0

26.0 0,08956 11_0.0

28.0 0.09_37 5150.0

30.0 0.0937 1170.0

3Z,Q 0.1050 1190.0

34.0 0.110W 1220.0

36.0 C,11_d 1250.0

38.0 0.1212 5280.0
40.0 0.1267 1320.0

95.0 0.14)2 1410.0

50.0 0.1538 1516.0

55.0 0.1573 1610.0

60.0 0.13_7 1720.0

65.0 0.1940 182_.0

?C.O 0.3)?3 1930.U

75.0 0.223b 2030.0
30.0 0.233? 21_C.0

90.0 0.2599 2340.0
100-0 0.2859 255_.5

I_5.0 0.5535 3070.0

150.0 0._140 3580.0

175.0 0._7_9 _990.0

200.0 0.5429 4600.0

225.0 C.50o0 510_.0

250.0 0.6756 5610.0

275.0 0.73_ 6120.0

300.0 0.?_02 bb30.O
350.0 _.9258 7640.0

400.0 1.053 _660.0

450.0 1.105 96?0.0

500.0 1.30_ 10700.5

600.0 I.SE_ 12T00.0
?00.0 1.319 I_800.0

800.0 2.075 16800.0

9OE.O Z.330 180_0.0

1000.0 2.506 2C900.0

1100.0 2.0_1 22900.0

1200.0 3.097 24900.0
1300.0 3.353 2?000.0

1400.0 3.60_ 29050.0
1500.0 3.06_ 31100.0

ISOCHORE INTFPNAL ENTHALPY ENTROPY CV

DERIVATIVE ENERGY

AT_IK JIG JIG JIG-K JIG-K

5.53 7.550 47.56 1.515 1.319

_.26 ?.951 43.31 1,725 1.463

8.25 8.523 49.22 1.g_0 1.710

8,23 9.305 50.37 2,169 1.98_

8,23 9.490 50.63 2,216 2,035

_.23 9.68? 50.g0 _.263 2,065

0.2? 9.859 51.15 2,309 2.056

0.21 50.03 51.39 2.355 2.0?2

_,ZO 10,21 51.64 2.401 2.090

0,19 10.38 51._9 2.446 2,108

0.19 10.56 52.14 2.492 2.126

0.10 10.74 52._0 2.536 2.145

8.17 10.93 52.66 2,581 2,164

0.56 11.11 52.92 2-625 2.183

8.53 12.07 54.2_ 2.844 2,27?

8.09 13.08 55,68 3,057 2.366

0.05 54.15 57.1/ 3.266 2.448

8.00 15.26 58.?_ 3.471 2.523

?.q4 16.43 80.36 3.673 2.591

7.87 17.64 62-06 3.871 _.654

/,79 18.90 63.8? _.067 2.710

7.69 2D.20 65.86 _._59 2.76?

7.41 ?3.28 69.86 4.667 2.856

?.53 26.52 74.31 5.060 2.9?8

6.83 29.91 ?8.98 5.440 2.984

6.53 33._2 83.85 _.806 _.028

6.22 37.04 08.q? 6-159 3.05?

5.94 40.3q 93.09 6.4?4 3.004

5.66 43.80 98.83 E.779 3,105

5._9 47.27 104.0 7.074 3.122

5.13 50.78 109.3 7.359 3.135

4.88 54.32 154._ ?.635 3.145

4.6_ 57.80 120._ ?.got 3.154

4.42 61.46 5_5._ _.157 3.161

4.22 65.05 131.2 8.405 3.167

_.03 68.65 136._ 0.644 3.173

_.85 72.2_ 14_.4 8.074 3.17'

3.60 75.83 148-1 q.097 3.102

3.3_ B3.0_ 159._ q.519 3.188
3.12 90.15 170.g 4.g13 3.194

?.qd 97.26 t87.4 10.28 3.598

?.70 L04.3 193.8 10.63 3.201

2.53 115.4 205.2 50.96 3._0_

2.37 118.3 216.8 11._6 3.205

2.23 125.3 228,0 11.55 3*206

5.g5 142.5 256. _ 12.22 3.206

1.73 159,5 254.1 12.01 3.204

i._5 176.3 _15._ 53.3_ 3.202

1.41 193.0 339._ 13._2 3.108
I._9 _09.5 _66.8 1_.25 3.195

1.19 225.g 39410 1_166 3.191
1.50 242.3 621.0 15.03 3.180

1.03 250.5 447.9 15.38 3.104

0.g07 290._ 501.5 16.01 3.17_

0._5_ 323-0 _54.7 16.52 3.123

0.543 402.6 686.0 17.75 3.562

_.53_ 481.7 810.0 5P°?_ 3.155

3._56 560.5 °48-7 19151 3.149

o.?gg 63g._ 1079._ 20.21 3.545

0._5_ 717.4 5709._ 2C.02 3.142

_._19 795,7 533q.0 21.37 3.140

9-?q_ 0?4-0 1469- _ _1-86 3.538

0.265 952.2 1599.0 22.32 3.136

0.228 1100.0 105g.0 23.12 3.134

0.SBg 1265,0 ?110.0 23.85 3.152

0.177 1_21.0 2370.0 2h.42 3.130

_.15_ 1577.0 2630.0 2_.97 3.129

0.133 1_89.0 3157.0 ?5.92 3.120

0.116 7701.0 _75.0 2_.72 3.12T

0.1_0 7513.0 4194.0 ??.41 _.126

D.0888 2825.0 _713.0 ?B.O? 3.125

10798 3136.0 5_37.3 ?_.57 3.125

0.0?25 34_5.5 5751-0 29.06 3.124

0.0565 3?60.0 62?C.C 2g.51 3.124

0.051H _072.0 6790.0 2q.g3 3.123

0.0570 4384.0 7309.0 3C.3_ 3.523

0.05J2 4696.0 ?825.0 30.67 3.5_

CP

1.501

1.744

2.031

2.350

2.411

2.450

2.451

2.47?

2.504

2.532

2,561

2.590

2.820

2.859

2.802

2.953

3.102

3.248

3.390

3.529

3.664

3. 795

4.032

4* 251

4.452

4.636

4.602

4.961

5.102

5.223

5.327

5.414

5.M06

5.545

5.593

5.630

5.659

5.681

5.709
5.720

5.720

5.712

5.700

5.684

5-667

5.619

5.571

5.527
5.488

5._53

5.423

5.397

5.374

5.337

5.309

5.262

5.236

5.221

5.2II

5.205

5.200

5.597

5.195

5.193

5.191

5.191

5.190

5.590

5.190

5.190

5.190

5.190

9.190

5.190

5.191

5.191

5.191

VELOCITY

OF SOUND

HIS

539.9

5_3.Z

541.5

532.]

536.3

536.2

536,4

536.0

535,6

535-0

534.5

533.9

533.3

532.6

529.2

525.5

521.8

518.1

514.5

510.9

507.5

50_.1

496.0

h_8,6

481.5

47_.9

469.0

46_.5
460.7

457.5

455.0

453._

452.0

451.3

451.2

451.5
452.2

453.2

456.1

459.9

464.4

469.4

q?4.?

_80.3

486.0

501.0

516.2

531o_

546.5

561.4

576.0

590.3

804.3

631.5

657.7

719,1

775.7

828.6

B?B.k

925.5

q70.4

1013.0

1055.0

1133.0

1206.0

1275.0

1340,0

1463.0

15?5.0

1E_1,0

1780.0

5874.0

1964.0

2049.0

2132.G

2211,0
228?.0

TWO-PHASE _OUNOARY

_" NUHBERS IN THIS COLUHN HAVE BEEN MULTIPLIED 8Y THE INDICATED FACTCR



THERHORHYSICALPROPERTIESOFHELIUMW80.0ATMOSPHEREISOBAR

TEMPERATURE DENSITY V(DHIDV) VKOPIDU)
p v

OEG.K G/CC Jl; ATH-CC/J

*_ X 100

3.5 ZO.Z6 90,2 31.9 W86._
W.O 20.09 104.0 28.1 491.0

4.5 19.92 119,0 2N.2 485.0

5.0 19.74 135.0 21.0 W74.0

5.1 19.70 138.0 20.5 W72.d

5.2 19.67 1_0.0 Z0.3 470.0

S.3 19.63 139.0 ZO._ _68.C

5,_ 19.60 lk0.0 ZO.B _65.0

5.5 19.56 Ikl.0 Z0.1 _6B.O

5.6 19.53 I_2,0 19.9 _59,0

5.7 19.49 143*0 19,7 _55,0

5.8 19,46 144.0 19.6 _53,0

5.9 19._Z 1_.0 19.4 _50.G
6.0 19.39 lk5.0 19.3 _7.0

6,5 19.21 149.0 18.6 _32.0

7,0 19.03 152.0 18.0 _16.0

7.5 18.84 154.0 17,4 460.0

0.0 16.65 156.0 17.0 38_.0

8.5 18.45 157.C 16.6 369.0
9.0 18.25 159.Q t6.2 35_.0

9.5 18.04 160,0 15.9 339.G

tO.O 17.8] 161.0 15.6 326.0

11.0 17._0 163.G 1_.9 299.0
12.0 16.95 164.0 1_,3 Z75.0

13.0 16.5_ 165.0 13.9 253.0

14.0 16.07 166,0 13.4 23_.0

15.0 15.63 167.0 13,0 215.0

16.0 15.18 168.0 16.? B01.0

17.G 1_.T] 169.0 12._ 188.0

18.0 1_.29 171.0 12.1 176.0

19.0 13.80 173.0 11.8 167,0

20.D 13.4_ 176.0 11,5 158.0

21.0 13*03 178.0 11.3 151.0

Z2.0 1Z.6_ 182.D 11.1 1_5.0

23,0 1Z.Z5 185,0 I_.9 139.0

2_.0 11.09 189.0 10.7 135.0

_5.0 11.55 192._ 10.5 131.0

26.0 11.22 197.0 10.3 127.0

28.0 10.60 205.Q 10.0 122.0

30.0 10,03 21_.0 9,75 117.C

32.0 9.524 ZZ_.O 9.51 113.0

34,0 9.05_ 234,0 9,31 110.0

36.0 B,636 B_4.0 9.13 108.0

38.G 8.2_9 25_.0 _.97 1_6.0

40.0 7,896 264.0 8.83 1_.0

WS.0 7.111 290.0 8,53 111.0

50.0 6.503 ]17,0 8.30 98._

55.0 5,979 3W4,0 0.11 96.5

60,0 5.535 371.0 7.95 95.1

65,0 5.15W 398.0 7.82 93.9

70.0 _.8_w WZW.b 7.72 93,0

75,0 _.535 451.0 7.62 92.1
80.0 _.BBO _78.0 ?.54 91,W

90.0 3.8_8 531.0 7.W1 90.2

100.0 3.4_8 58k.0 7,31 89,3

125,0 2.853 716.0 7.13 87,5

150.0 2._11 8h6.0 7.02 86.3

175.0 Z.088 977.0 6.9_ 65._

200.0 1.84B 1110,0 6,80 8k,7

225.0 1.648 1_60.0 6.8_ 8_,1

250.0 1._91 13/0,0 6.81 83.7

275,0 1.362 1500.0 6.78 83.3

300.0 1.253 1620.D 6,76 63.0

350.0 1.080 1880.0 6.72 82.5
_00.0 0.9493 21_0.0 6.70 _2._

_50.0 0.0_67 2400.0 6.68 81.9

5_0,0 0.7641 266_._ 6.66 81.7

600.0 0.639_ 3180.0 6.64 81._

700.0 0.5497 3700.G 6.63 81.1

800.0 0._820 _210.0 6.62 81.0

9uO.O 0._291 473J.0 6.61 80,8

1_00,0 0.3867 5250.0 6.63 60.7

1100.0 0.3319 5770,0 6.60 83,6

1200.0 0.3229 6290.0 6.$9 80,6

13_0,0 0.2_3 681_,0 6.$9 8..5

1430.0 Q.2771 733Q.0 6._9 B0.5

15a_oO 0.2568 7_40.b 6.58 _3._

-V(DPIDVI T (DVIDT)/VP

ATM IlDEG.K

THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL

CONDUCTIVITY DIFFUSIVITY CONSTANT NUMBER

MWICM-K GICH-5 SO-CHIS

_ X 100000_

&.0175 0.339 210.0 0.06106 1.07674 1.02

0.0168 0.363 187.0 0.0_10_ 1.07607 0.696

0.0170 0.388 163.0 0.00_960 1.075_1 0.B5_

0*0174 0.413 1_5.0 0.000890 1.07_73 0.827

0.017_ 0.418 1_B.0 0._G_88_ 1.074S9 0.820

0.0175 O._Z_ 139.0 _,000877 1,07445 0.007

0.0176 0*427 137.0 _.00_888 1.07438 0.783

0.017? 0._32 13_.0 G.0_0890 1.G7410 0.760

0.0177 0.431 131.0 _.000892 1.07W35 0.75_

0.0178 0.441 129.0 0.000893 1.07191 0.7_1

0,0179 0.k_6 127.0 0,000893 1.07_78 0.729

0.0180 0._60 125.0 _.000893 1.0736_ 0.717

0.0181 0._55 123.0 0.000893 1.07351 0.707

0.0182 3.459 1_1.0 3.0d0893 1.07337 0.697

0.0188 0._79 112.0 0.000B90 1.07268 0.655

0.0195 0._97 105.0 0.d0088_ 1.07197 0.62_

0,0201 0,512 99,0 0.000876 1.07125 0.600

O.0BOB 0.525 94.1 0.000868 1.07050 0.581

0.0215 0.537 89.9 0.000858 1.0697_ 0.567
0.0223 0.5_7 86.3 0.00t8_9 1.06897 0.55?

C.023J 0.55_ 83.2 _.0_(839 1.06817 0.550

_.0236 0.561 80.S 0.000829 1,06736 0.5_5

0.02_8 0.570 76.2 0.000813 1.06569 0,539

0.0259 0.576 72.9 0.000799 1.06_01 0.530

0._27_ 0.578 70.4 0.0_0787 1.06230 0.5_2

0.0279 _,579 68.S 0.00L777 1.06059 0.5_8

0.0280 0.57_ 67.1 0.000771 1.05886 0.557

0.0296 0.576 65.9 0.000765 1.05715 0*560

0.0301 0.573 65.1 0.00C763 1.055_k 0.579

0.0306 0.570 64.S 0.00_76_ 1.05376 0.591

0,0308 0.567 64.1 0.0_0769 1.05211 0.606

&.0308 0.56_ 63.9 Q.0_0776 1.05050 0.613

0.0307 0.562 63.8 0.000786 1.0_89S 0.623

0.0305 0,559 63.8 0.000798 1.0_7_5 0.632

0.0302 0.557 63.9 0.000813 1.0_601 0.6_1
0.0299 0.556 _.1 0.00C830 1.0_63 0.6_9

0.029_ 0.555 64.3 0.0008_9 1.04331 0.656

0.0289 0.55_ 64.6 0.00L869 1.04205 0.663

0.0278 0,553 65.4 0.000915 1.03970 0.674

0.0267 0.554 66.2 0.00_966 1.03757 0.683

G.0256 0.557 67.2 0.00102 1.0356_ 0.690

0.02_5 0.560 68.Z 0.00108 1.03388 0.696

G.0234 0,564 69.3 0._0115 1.03220 0.700

0.022_ 3.569 70.5 _.G_121 1.0_082 0.704

0.0215 0.575 71.6 0.00129 1,029_9 0.706

0.0193 0.591 7_.6 _.001_8 1._B661 0.709

U.0176 0.610 77.7 0.03158 1.92425 0.710

D.0161 0.6_9 80.7 0._0150 1.02228 0.70_

0.0148 0.650 83.8 _.0021_ 1.02062 0.707

0.0137 0.672 86.8 G.00_39 1.01919 0.705

Q.OtB8 0,693 89,8 Q.0_265 1.01796 0.705

0.0120 0.715 92.8 3.60092 1.01687 0.700
0._112 0.738 95.8 _.00_21 1.01592 0.698

0.0100 0.782 102,0 G,00381 1.01431 0.693

g.009U9 0.827 107.0 0.00W45 1.C1300 0.689

_.00735 0.936 119.0 _.0;023 1.01059 0.670

0.00619 1._ 132,C 0.5082_ 1.G_895 0.666

0.00535 1.1_ 1_5.0 _.01L5 1.03775 0.663

0,00471 1.2_ 157.0 0.0129 1.03683 _.661

u. G0421 1.33 169._ 0.;155 1.J;611 0.660

0.00381 1._2 180._ 0,0183 1.03553 0.660

0.093_8 1.51 191.0 3.0213 I._5_5 0.660

0.00_20 1.59 2_2.0 _.02_ 1.uJ_6_ 0.661

Co0G276 1.76 _24.0 _._313 i._00 0.662

0.0_242 1.92 2_5,0 J.03_9 1.03352 0.663

0.00216 2.08 265.0 0.0_72 1.00314 0.663

0._195 Z.?_ 285.0 _.05_2 I._283 0.66_

0.0_163 _.53 32k,0 _._762 1.0J2_7 0.66_

0,001_3 B.81 36_.G _.3986 1.0J?O_ 0.665

0.00123 $.09 395.0 0.123 1._;179 0.665
0.0_110 3.35 _29.0 3.151 1.C_159 0.665

0.000988 3.61 _62.0 0.10_ 1.D_1_3 0.665

G,000825 _.11 526._ C.2_5 I.C_12_ 0,605

_.00U76] _.3_ 557,0 _.2SI z. CJttJ 0.665

G.C_(7;_ _.58 587,0 _.318 1.u_1_3 0,605

0.0,_b62 _.01 616.0 0.35_ 1.CC096 0.665

" TWD-PHASE BOUNDARY

*" NUH_£RS IN T_IS COLUMN HAVE _[LN MULTIPLIE[ F_Y T_F INDICATED FACTD_



90.0 ATMOSPHERE ISORAR

THERNOOYNAMIC PROPERTI[S OF HELIUH k

TEMPERATURE VOLUME ISOTHERB

CC/G DERIVATIVE

OEG. K _ X .01 CC-ATM/G

3.5 0.0_839 2590.0

k.0 0.0_082 2620.0

_.S 0.0_92_ 2630.0

5.0 0,0_966 2610,0

5.1 0.0_97_ 2600,0

5.2 0.0_983 2600.0
5-3 0.0_991 2590.0

5._ 0.00999 2580.0
5.5 0,05008 2570.0

5.6 0,05316 2560,0

5.7 0.0507_ 2550,0

5.8 0.05033 2540,0

5.9 0.05_1 2530.0

6-0 0.05050 2520-0

6.5 0.05093 2060.0

7.0 0.05138 2400.0

7.5 0.05184 ?3qO.O

8.0 0.05233 ?780.0

8.5 0.05204 2220.0

9-0 0.05336 ?t&O.O

9.5 0.05392 2100.0

10.0 0,05_9 20_0.0

11,0 0.05971 19_0-0

12.0 0.05101 1800.0

13.0 0.05030 1780,0

1_.D 0.05982 1660.0

15-0 0.06135 1500-0

16.0 0,06297 1520.0

17.0 0.06_60 1_60.0

18.0 0,066_7 1020,0

19.0 0.06033 1380.0

20.0 O,OTOZ6 13_0.0

21.0 0.077?6 1320.0

72.0 0.07_31 1300.0

23.0 0.07602 1280.0

Zk.O 0.07857 1270.0

Z5,0 0,08076 1260.0

26.0 0.08298 1260.0

28.0 0.00751 1?60,0

30,0 0.09213 1?80,0

32.0 0.09661 1Z90.0

30.0 0.1015 1370.0

36.0 0,1063 1350.0

38.0 0.1111 1380.0

40.0 0,1159 L_lO,O

45.0 0.1279 1500.0

50,0 0.1399 1590.0

55.0 0,1519 1690.3

60.0 0.1638 1790.0

65.0 0.1757 1890.0

70.0 0,1875 2000.0

75.0 0.1992 2100.0

00,0 0.2109 2210.0

90,0 0.23_3 2_10.0

100-0 0.257h 2620-0

125,0 0,31_9 313C,0

150.0 0.3721 36_0.0

175,0 0._290 0150.0
200.0 0._859 _660.0

225.0 0.5_?6 5170,0

250.0 0.5994 56?0.0

27_.0 0.6561 6180.0

300.0 0.7127 6690-0
350.0 0.0?61 ZZO0.O

k00,0 0.9395 8710,0

_90.0 1*053 9730.0

500.0 1,166 10700.0

600.0 1.393 12800.0

700,0 1.620 10800.0

800.0 1.8_? 16800,0

900.0 2.07_ 10900.0

1000.0 Z.30t 20900.0

1100.0 2.5Z_ 23000.0

1200.0 Z.755 25000.0
1300.0 ?.902 27000.0

1_00.0 3.21_ 29100.0

1500.0 3._37 31100.0

ISOCHORE INTERNAL ENTHALPY ENTROPY CV

DERIVATIVE ENERGY

ATN/K JIG JIG J/G'K

10.0 8.053 52.18 1,kZl 1.365

9.12 8o_33 52,96 1.639 1._67

8.81 8.980 53.88 1.856 1,TOk

_.63 9.739 55.0? ?,083 1.975

8.61 9.919 55.78 2.130 2.027
0.59 10-11 55.55 ?.176 2-056

8.56 10.28 55.79 2.722 2,0_7

0,53 10._5 56.04 ?.?60 _.060

5.51 10.62 56,78 2,313 2.081

8-_9 10.79 56.53 2.358 2-099

8.07 10.96 56.78 ?.k02 ?.117

8,_5 11.1_ 57.03 ?.k_? 2,136

8._ 11o31 57.78 2.091 2.155

B._2 11.49 57,50 2.53_ 2.17_

8.36 12._2 50,87 2,709 2.?67

0.32 13._0 60.76 ?.958 2.355

8.28 lk,_ 61.71 3.163 2._36

0,25 15.52 63.2_ 3,36_ 2.510

8.20 16.6_ 6k.83 3,561 2-578

8.15 17.07 66.h8 3,75_ 2.6_0

8.09 19,03 68,20 3.904 2.697

8.01 20,29 69.90 _.131 ?.750

7.76 Z3-29 74.09 k.530 2.00k

?,50 26.k5 78,_3 _.915 ?.919

7.22 29.75 82.99 5.785 2.9?7

6,9_ 33.18 87.7_ 5.6kZ 3.02?

6.65 36.73 92.67 5.906 3.055

6.39 39,98 97._0 6.291 3,08_

6,12 03.30 107.3 6,507 3,107

5,85 _6.69 107.3 6,87q 3.125

5,59 50.12 112.k 7.151 3,139

5.35 53.59 117.7 7.020 3.150

5.11 57.09 173.0 7.679 3.158

k.08 60.61 178._ 7.930 3.166

_.67 6_,15 133.8 8.173 3.172

_.07 67,70 139,3 8,007 3.177

_.28 71.2E tk_.q 8.634 3.102

_.10 7_-87 150.5 8,853 3.106

3.78 81.94 161*7 9,770 _.193

3.50 89.06 173.1 9.661 3.198

].25 96.15 18_-_ 10.03 3.203

_.03 103.2 195.8 10.37 3.206

2.0_ 110,2 ?07.2 10.70 3.209

2*E? 117.? 218,5 11.00 3,210
?.52 120.2 229.9 11.30 3.212

2.20 1_1._ 758.1 11.96 3,Z13
1.95 158.5 786.1 12.55 3,?12

1.75 175._ 313.9 13.05 3-709

1.59 192.1 301.5 13.56 3.206
1.k5 200,7 368.9 1_,00 3.203

1.3_ _25.? 396-2 10._0 3.199

1.2_ 241.6 _73.3 1_.78 3.196

1.16 250.0 050.3 15.10 3.19_

1.02 790.4 50k,0 15.7_ 3.106
0.910 3?2.6 557.W 16.32 3.180

0.72_ 402,_ 689.7 17.50 3.168

0.600 _81.T 821.0 18._6 3.160

0.513 560.6 951,8 19.27 3.15_

0._8 639.2 1082-0 19.96 3.1_9

0,398 717.7 1713.0 _o58 3.106

0.358 796*0 13_3.0 21.13 3.1_3

0.326 87k.3 I_73.0 21.62 3,1_I

0-290 952.5 1603.0 22.07 3,139

0.256 1109.0 1867.0 22.87 3.136

0.224 1265,0 2122,0 23.57 _.134

0.199 1_21-0 _81.0 2_.18 3-137

0.179 1577.0 26k1.0 2_,73 3.131

0.1k9 1889.0 3160.0 25,67 3.129

0.128 ?701,0 3679.0 ?E._7 3.120

0.112 7513.0 0198.0 77.16 3.1_T

0.100 _8_5.0 0717.0 _7._0 3.126

0,0897 3137.0 5236.0 ?8.32 3,126

0,08_6 3_09.C 875_.0 28.02 3,125

0.0708 3761.0 6?73.0 29._7 3.125

0.0690 k0?3.0 6792.0 29.68 3.12_

0.06_1 _385.0 7312._ 30.07 3.13_

0.0598 _696.0 7831.0 30.43 3.12_

J/GoK

CP

1.690

1.77_

2,031

Z.332

2.391

Z._?7

2.026

?,050

?.075

Z.500

2.527

2.550

2.582

2.610

2.752

2.89_

3.035

3.173

3.308

3._0

3.569

3.6g5

3.920

0.127

h.319

_,490

k.653

q.811
k.951

5.076

5.185

5,279

5.360

5._79

5._86

5.53_

5.573

5.60_

5,6_0

5.67_

5.685

5.688

5,683

5.670

5,662

5.623

5.502

5.5k1

5.503

5. k69

5._39

5.k12

5.388

5.3_0

5.320

5.270

5.2_1

5,22_

5.213

5.206

5.201

5,198

5.196

5.193

5.191

5.190

5.190

5.189

5,189

5.189

5.190

5,190

5,190

5.190

5.190

5.190

5.190

VELOCITY
OF SOUND

M/S

565ol

566.5

563.k

550,5

557,6

557.

557.6

557.2

556,7

556.2

555.7
555,1

_5k-5

553.8

550.5

5k?.O

5k3.5
5_0.1

536-9

533.7

530.5

527._

520.1

513.?

506.5
500.3

49_.5

_90.0

W86.0

W87-6

h79.7

kT?.k

075.7

_7h.5

073.8

073.5
_73.6

_76.0
_78.9

_8?-5

08fi,7

_91,3

k96.3

501.5

515.2

529._

5_3.8

558.2

572.5

586.6

600.5

61k.1

E_0.6

666.2

726.6

702.5

83_.B

8_4,0

930,0

975,3

1010-0

1059.0
1137.0

1209.0

1278.0

1303.0

1065.0

1578.0

1683.0

1782.0

1076.0

1965-0
2051,0

2133.0

2212.0

Z280.0

TWO-PHASE BOU90ARY

_ NUM8ERS IN THIS COLUMN HAVE BEEN MULrIPLIEC BY THE IN01CATEO FACTOR



90.0 ATHOSPHERE ISOBAR

TMERHOPHYSICAL PROPERTIES OF HELIUM

TEMPERATURE DENSITY VtONtOV_ V(OPIOUI v

DEG.K G/CC J/_ ATM-CC/J

*_ X 100

3,5 Z0.65 89.1 35._

W*O 20,_8 10_,0 30.3
_.5 20,31 123.G 28,_

8,0 Z0,1_ 1_Z,0 21.7

5.1 Z0,10 1_5,0 21,1

5*Z 20,Or 1_7,G 20.8

5.3 20,0_ 1_7.0 20.9

5._ 20,0) 1_8,0 20,7

5,8 19,97 169,0 ZO.B

5.6 19,9_ 151.0 20,3

S.T 19,90 IBZ,O 20.1

5.8 19,87 153.0 19.9

5,9 19,86 15_.B 19.7

6.0 19o80 t$5.0 19.6

6,8 19.6_ 159.0 IB.8

?,0 19.W8 163oD 18.2
7.8 lg.25 168,0 17,6

8,0 19,11 168,0 17.2

8*5 18,93 169.0 16.8

9,0 18.7W 111,0 18.5

9,5 18,55 172,0 16.2

10,0 18.38 173,0 15.9

11,0 17.95 176*G LS,2

12.0 17.5_ 177.0 I_.6

13,0 17.13 179,0 I_.2

1_,8 16.72 180,0 13.7

15,0 16.30 181.0 13._

16,0 15.88 182.0 13.0

17.0 15.Wb 183,0 12.7

18,0 15,0_ 185,0 12.5

19.0 1_.63 I86.0 12.2

20,0 I_,23 189.0 11,9

21,0 I$.8_ I91*0 11.7
22,0 13._b 19W.D 11,5

23,0 13.09 197.0 L1.2

Z_,O 12o73 200,0 11.0

2_,0 12.38 20_.0 I0.9

26,0 12.05 208,0 10,7

28,0 11,_3 Zlb*O 10._

30,0 10.85 228,0 10.1

32,0 10.33 23_,0 9,83

3_,0 9.8_8 2k3.0 9.61

36,0 9,_07 253,0 9._2

38,0 9,002 263._ 9.2_

_0,0 B.6ZB 273.0 9.08

_5,0 7,818 299,_ 8.76

80.0 7.1_T 326*D 8.50

85,0 &.58_ 382.0 8,29

60.0 6.105 379.0 B,%Z

_5,0 5*693 _06.0 7.97

TO,Q 5,3IW _33,0 7.85

75,0 5.019 _59,0 7.75

80.0 _.7_1 _86,0 7.66
90,0 _.209 539,0 7.51

100oD 3,885 592,0 ?._0

1ZS,O 3,175 72_,0 7,20
150.0 2,687 855,0 7,07

175,0 2.331 985,0 6,98

2_0,0 2.088 1120,0 5.92

225._ i.B_3 12_0,0 6.87

250.0 1.668 1370,0 6.83

27_,0 1.SZ_ 15_0,0 6.80

300,0 1._03 1630.0 6,78

350.0 1,210 1890,0 6,7_

_00.0 1,06_ 2150.0 6,71

_50.0 0.9_96 2_10.0 6,69

SO0,O 0,8575 _670,0 &,67

600,0 0.7178 3190,0 6,65

7_0,0 0.6173 37_.0 6.63

800,0 0.5_I_ _220,Q 6.62

gO0,O 0._822 wT_O,O 6,61

1000.0 0,_3_6 5_60.0 6,60
1100,0 0.395_ 5780,_ 6.60

1200,0 0,3829 6300,0 6,59

1300.0 0,3353 6810,C 6.59

1_00.0 G.3116 7330,0 6.$9

150_,0 0*2910 785d,_ &°58

-V (DPIOV) T (OVIOT_/V

ATM IIDEG, K

526.0 0.0193

537.0 0.017_

S3k.O 0,0165

BZS,0 0,016W

_23,0 _,0i65
821.0 0.0165

519.0 0.0165

516.0 0.0165

51_.0 0,0166

511,0 0.0166

508.0 0.0167

BUS,0 0.0187

5D2.0 0.0168

W99.0 0.0169

_8_.0 0.0173

_68.0 0.0178

_51.0 0.0183

W35,0 0.0189

W20,O 0.0195

_0_.0 0.0202

389.0 0.0208
375,0 0.021_

3_8.0 0,0223
322.0 0,0233

299.0 0.02_1

276.0 D.OZSQ
ZBB.O 0,0258

Z_1,0 0.0265

2_6.0 0.0271

213,0 0.0275

2_L.0 0,0278

191.0 0.028_

182.0 G.OZBO

17w.0 0._280

168,0 0.0278

162._ u.0276

157,0 0.0273

%52.0 0.0270

1WH.Q 0.0262

139.0 0.0283

13_.0 0.02_3

130.0 0.023_

127.0 L.0225

12W.0 0.0216

122.0 0.0207

11Y,0 0o018_

11_.0 0._171

111.0 0.0187

1_9,0 0.0175
108.0 &.0135

107,0 0.0126
IC5.0 0.&118

I[S.G 0.0111
1£3,0 0.00992

l&2.Q 0.0_898

99.5 0.007_8

97.9 _.0061]

96,8 0.0_83_

95.9 0.00W68

95.2 0.00W1_

9_.7 0.00378

9k°2 0.003_6

93°8 0.00318

93,_ @,COZT_

92.8 0,b_2_1

92,W 0.00215

92,1 0.0019W

91.7 _.00163

91.2 0.00123

91.0 0.00109

90.9 _.0009_?
90.8 G.0C089_

9G.7 0.00082_

90.6 0.000762

90.6 _.&_O7_B

90.5 0.000661

THERMAL VISCOSITY THERMAL OIELECTRIC PRANOTL

CONDUCTIVITY OIFFUSIVITY CCN5TANT NUMBER

MM/CH-K OICM°5 SO-CMIS

• _ X 10_0000

0.352 255.0 J.001_1 1.07831 1.22

0.377 215.0 0.0010_ 1.07760 1.01

0._03 186.0 0.000977 1.0789_ 0.937

0,W29 16W*0 0.000913 1.07627 0.892

O,_3W 160.0 _.00_9_3 1.0761_ 0.083

0,_39 157,0 0,000901 1.07600 O,B6T

O._k 153,0 U°000913 1,07587 0.839

0._k9 150.0 0.000916 1.07575 0,820

O.kSk 1_7,0 _._918 1.07562 0.80_

0.k59 lk5.0 0.000920 1.075_g 0.788

0._63 1k2.0 0,000921 1.07536 0.77_

0._69 139.0 0.000922 1.07523 0.760

0,_73 137.0 _.000923 1._7510 0,7k8

0._7 _ 13_.0 Q,0:&923 i.O?_B7 0.736

0,_98 12_.0 0.00_922 1.07_32 0,688

0.517 116,0 0.00_918 1.07366 0.6N8

9,93_ 109,0 0,00091_ 1.07_98 0.619

_,5_8 163.0 _.QuO90W 1.07229 0.596

d.56_ 98.1 0.000895 1.07158 0.579

0.571 93.9 0.00_886 1.07086 0.566

0.580 90.3 0,00G878 1,07012 0.556

0.587 87.2 _.00C866 1.06937 0.5k9

0,598 82.1 0.000850 1,06781 0,938

0.6_ 78.2 0.00_835 1.066ZW 0.53_

0.608 75.3 0.0Q£822 1.06_65 0,535

0.610 T3.C O,OOOBIL 1.06306 0.538

0.609 71,3 _,000803 1._61_7 0.5_

0,608 69.9 0,00Q796 1.05985 0.553

0.605 68,9 0.000791 1.0582_ 0,563

0.602 68.1 _,000789 1._5668 0.873

0.599 67.5 0,000790 1.05508 0.58_

0.506 67.1 0.00079_ 1.0536k 0.59_

0.593 66.9 0,_0_8d0 1.0520_ 0.60k

0.590 66°7 0,00080_ 1.05056 0.61W

0.$88 66,7 _.000819 1.0W916 0.623

0,586 66°8 0.000832 1,0W780 0.831

0.58_ 66.9 _.00_8_6 1,C_6_8 0.639

3.583 67.2 0.000863 1*0_522 0.6_6

0,581 67.8 0.00[900 %,0_265 0.659

0.581 6B.S 0,0006_3 1.0_368 0.669

0.582 &9._ _,00_991 1.03869 0.678

0.58_ 70.3 0.0010_ 1,03686 0.68_

_oS8B 71.3 J,00110 1.03519 0.690

_.592 72._ 0.00116 1.03366 0.69_

3,596 73.5 0,00122 1.03226 0.698

0.611 76,_ _,06139 1.C2920 0,7C3

3,628 79.3 0,06187 1.02667 0,708

0.6_6 82.3 0.00177 1.02_55 0.705

0.666 65.2 0.00196 1.02276 0.70_

0.687 86.2 0,0022L 1,02121 0.703

0.706 91,2 0.002_ 1.01986 0.701

0,729 9_,I _,0_268 1.C1869 0.699

0.751 97.Q O.uOEgW 1.0176_ 0,696

0°79_ 103.0 0.003_8 1,01568 0.692

3.838 108,0 0.00_06 1,01_ 0.688

0.9_6 120._ _.0056_ 1._1160 0.669

L.05 133.0 0,007W5 l.oogg8 Q.665

1.19 i_6.0 O.G09_ 1.0Q865 0.662

1.25 15B.0 0.0116 1.G_76_ 0,660

1.3_ I69,9 _,0139 1.0Q68_ 0,699

1._3 181,0 0.016_ 1.00619 0.689

1,51 192.0 _,0191 1,00565 0.6_9

1.$9 2C2.0 _._216 1,035_0 0,660

1,76 22_.0 3.0286 1.0_9 0.661

1.92 2_9.0 a. G3_B t,OJ395 0.662

2,08 266,0 0.0_22 1.0_352 0,663
2.23 285,0 9.05_2 1.00318 0,663

Z,83 3Zk. O d.0679 1,0_66 0,66_

2.81 360,0 O.GB79 1.66229 0.E6_

3,09 395.0 O.LIC 1.00201 0,66W

3.35 _30,0 _,13_ 1.0_179 0.669

3.61 _63.0 u.166 1.02161 0,665

3.86 _95,0 0.188 1.001_6 0.669

_,11 _28.0 U.218 1,0013_ 0,665

_,35 957,0 0.28C 1.0012_ 0.665

_,58 987.0 3._83 1.06115 0.665

W,B1 616.0 0,316 1,00108 0,665

* TWO'PHASE BOUNOARY

"' _UHBERS IN T_rS COLUMN HAVE BEEN MULTIPLIE_ BY THE INOICATED FACTOR



THERMODYNAMICPROPERTIES OF HELIUM 4

100.0 ATMOSPHERE ISOBAR

TEMPERATURE VOLUME ISOTHERM 150CHORE INTERNAL ENTHALPY

CC/G DERIVATIVE DERIVATIVE ENERGY

DEO. K "* X .01 CC-ATM/G ATM/K JIG JIG

3,5 0,04751 2680.0 11.7 8.561 96.69

4.0 0.04796 2780.0 10.1 8.923 57.92

4.5 0.0_36 2810.0 q. WW 9,455 98._6

5-0 0,0W076 2000.0 9.06 10.20 59.61

5.1 J.04_84 2800.0 9.01 10,37 59.86

5.Z 0,04_92 2000.0 0,96 10.56 60.13

5,3 0,04900 2790.0 8.92 10.73 60-38

5-_ O.Okg08 ?780.0 8.0? 10.89 60.62

5.5 0.34915 2770.0 0.83 11,06 60.86

5.6 0.3_923 2770.0 _.80 11.22 61.11

5.7 0.04931 2760.0 8.76 11.39 61.36

5.0 0.04939 2790.0 0.73 11.56 61.61

5.9 0.0_g_6 27_0,0 8,71 11.7_ 61.06

6.0 O.OWg5_ 2730.0 8.68 11.91 62.11

6-9 0.0499_ 2670.0 8.59 12.82 63.42

7.0 0,0503_ 2610.0 8.53 13,78 6_.79

7.5 0.05077 2550.0 8,50 1_.78 66.22

8.0 0.05120 2_90.0 8.47 15.83 67.71

8.5 0.05166 2_30.0 8._4 16.92 69.27

9.0 0.05213 2370.0 0,40 18.06 70.88

9.5 0.05262 231C.0 8.35 19.24 72.56

10.0 0.0531_ 2260,0 8.30 20.46 74.30

11.0 0.05w23 Z150.0 8.07 23.39 78.3_

12.0 0.05538 2050.3 7.83 26._8 82.59

13.0 0.0_659 1950.0 7.57 29.72 67.05

1_,0 0.09786 1070.0 7.31 33.08 91.70

15.0 0.05019 1790.0 7.0_ 36.55 96-53

16-0 0.06J61 1710.0 6.79 39.73 101.1

17._ 0.06210 1650.0 6,53 _2.97 105.9

18.0 0.06366 1600.0 6,27 _6.28 110.8

19.0 0.06528 1550.0 6.02 W9.64 119.8

20.0 0.06696 1510.0 5.77 83.0_ 120.9

21,0 0.06870 1_80.0 5.5_ 56._8 126.1

22.0 0.07050 1_50.0 5.31 89,95 131.4

23.0 0._723W 1_30.0 5.09 63.44 136.7

2k,O 0.07_22 1410.0 _.08 66.94 1_2.1

25.0 0.07614 1400,0 _.69 70.46 I_7.6

26.0 0.07909 1390.0 _.50 73.99 153.I

28.0 0.08209 1390,0 _.16 81.05 164.2

30,0 0.08617 1390.0 3.86 88.13 175.4

32,0 0.09033 140C.0 ],EO 95.18 186.7

3_.0 0.09_53 1_20.0 _.36 102.2 198.0

36,0 0.09077 1440.0 3.15 109.3 209.3

88.0 0.1030 1_70-3 2.97 116-2 220.7

_0.0 0.10_3 1500.0 2.80 123.2 232.0

_5.0 0.1181 15_0.0 2.45 140.5 260._

50.0 0.12_9 1670.0 2.17 157.6 288.2

55.0 0.1396 1770.3 1.95 17_.6 _16.0

6_.0 0,1533 1870.0 1.77 191.4 3_3.7

65.0 0.1610 1970.0 1.E2 208.0 371.2

70.0 0.1717 2070.0 1-_9 22_-6 398.B

75.6 0.1822 2170.0 1.38 241.1 425.?

80.0 0.1928 2280.0 1.29 257.W _52.8

90.0 0,2135 2_80.0 1.14 290.0 506.E

100.0 0.23_7 2690-0 1-02 322-3 860.0

125.0 0,20o5 3200.0 3.805 402.3 692.5

1_0.0 0.3379 3710.0 0.E67 481.7 82_.0

175.0 0.3591 4220.0 0.870 560.6 95_.9

200.0 0,4_0] 4720.0 0._08 639.4 1085.0

225,0 0._q13 5Z30.0 0.4_2 717.9 1216.0

250.0 0.54_ 5730.0 0.398 796.3 1346.0

275.0 0.59]4 62_0.0 0.362 87_.6 1476.0

300.0 0.64H4 6750,0 0.331 9S2.9 1606.6

350.0 0.7460 7760,0 0.28_ 1109.0 1866.0

400,0 0,8403 8770.0 0.249 1266.0 2125.0

kB¢.O 0.9800 9700.0 0.221 1422.0 _388.0

500.0 1.052 10_00.0 0.199 1578.0 2644.0

600,0 1.286 12800.0 0.166 1890.0 3163-0

700.0 1._60 1_g00.0 0.1_2 2202.0 3682.0

80[.0 1,665 16900.0 0.12_ 251_.0 _201.0

900.0 1,868 18900.0 0.II1 2026.0 _720.0

1000.0 2.073 21000,0 0.100 3138.0 5239-0

1100.0 2.27d 23000.0 0.0906 3450.0 9758.0

1200.0 2._82 25000.0 0.0831 3762.0 6276.0

1301,0 2.686 27100.0 Q.0767 607_.0 6795,0

1400.0 2.891 28100.0 0.0712 4305.0 731_.0

1500.0 3._95 31106,0 0.0665 _697.0 7833.0

ENTROPY

J/G-K

1.320

1.B53

1.775

2.003

2.050

2.096

2-1_2

2.187

2.232

2.277

2.321

?.365

2._08

2._51

?.663

2,870

3.071

3.268

3._60

3.650

3.835

_.018

4.410

4.787

5.150

5.500

5.836

6.1_4

6.422

6.701

6.972

7,23_

7._88

7.733

7.971

8.202

R.k2B

8.641

9,052

9.439

9.803

10.15

10.47

10.78

11,07

11.73

12,32

12.85

13.33

13.77

14-18

14.55

lk,90

15.54

16.10

17,28

18.24

19,05

19.75

20.36

20.91

21.40

21.86

22.66

23.35

23.96

24.51

25.45

26.25

26,95

27.56

78.10

28.60

29.05

29._?

20.85

30.21

CV

1.452

1.496

1.714

1.970

2.028

2.057

2.040

2.063

2.080

2.097

2.115

2.133

2.151

2.170
2.260

2.3_6

2.426

2._98

2.56_

2.627

2.68_

2.737

2-831

2,908

?.970

3.017

3-052

3.083

3.108

3.127

3.142

3.193

3.162

3.170

3.176

3.182

3.186

3.190

3.197

3._03

3.207

3.211

3.213

3.216

3.217

3.219

3.219

3.217

3.214

3.210

3.207

3.203

3.200

3.193

3.187

3.174

3.165

3.158

3.153

3.149

3.1_6

3.I43

3.141

3.138

3.136

3.134

3.133

3.131

3.129

3.120

3.127

3.127

3.126

3.126

3.125

3.125

3,125

JIGIK

CP

1.861

1.638

Z. OBZ

2.331

2,386

2._19

2-_15

2._36

2._59

2._82

2.506

2.531

2._56

2-582
2.71_

2.847

2.q80
3-110

3.238

3.365

3._88

3.610

3.025

_.025

_.209

4.377

4.530

k.684

4.823

4,9_8

5.099

5.158

5.244

5.320

5.384

5.440

5.N07

5.526

5.505

5.623

5.646

5.658

5.661

5,658

5.652

5.623

5-580

5.551

5.515

5._82

5.452

5.425

5._01

5.361

5.330

5,277

5.246

9.227

5,215

5.208

5.202

5.149

5.1q6

5.193

5.191

5.190

5.189

5.189

5.189

5.189

5.189

5.189

5.190

5.190

5-190

5,190

5.190

VELOCITY

OF SOUND
M/S

589.8

588.7

586.8

578.3

977.k

577.2

577.3

576.9

576.k

575.8

575.3

574.7

57k.1

573.4

520.2

566.8

563.6

560.5

557.5
$54.6

551.7

548.9

5_2.2

535.8

524.6

523,6

518.1

913.7

509.T

506.1

903.0

500.4

kBB._

496-7

495.6

_94.8

494.5

_9_.5

495.5

_97.5

500.4

903,8

507.8

512.2

516.8

529.3

5_2.6

556.2

569.9

583.6

597.2

610.6

623,9

6_9.7

67_.8

73_ol

789.2

8k0.8

889.6

936.0

980.2

1023.0

1063.0

11_0.0

1213.0

1281.0

1346.0

1468.0

0580.0

1685.0

178_.0

1877.0

1967.0

2052.0

2134.0

2213.0

2289.0

" TWO-PHAS[ _OUNDARY

_ NUMBERS IN TH[S COLUMN HAVE BEEN HULTIPLIEC BY THE INDICAIEO FdCTOR
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THERMORHYSICALPROPERTIES 0¢ HELIUM W

100.0 ATMOSPHERE ISOBAR

TEMPERATURE DEqSIT¥ VIOHfOV) V(OP/DU)
p v

OEGoK G/CC JIG ATN-CC/J

_" X 100

3.5 21,05 89,6 38,3

_.0 Z0.85 106.0 3Z.4

N.5 20,68 126,0 26,6

5,0 20,51 1_8,0 2Z.3

5oA 20,47 152,0 21°7

5oZ 20°44 15_,0 21,3

S,S 20,41 15_.C Z1,3

5._ ZO.SO 156,0 21,1
5.5 20,34 157.0 ZO,9

5,6 Z0.31 159.0 ?0,6

5°7 ZO°Z8 160.0 ZO,_

5,8 20.25 161.0 ZO,Z
5.9 ZO,Z? 162.0 20,0

6°0 20.18 166°G 19,8

6.5 20.03 169.0 19°0

7,0 19°86 173,0 18.3

T,5 19°70 116,0 17.8

8,0 19.53 179.0 1F.N

8°5 19,36 101.0 17.0

9.0 19.18 18Z°0 16.7

9°5 19,03 183,0 16,_
10°0 18,8Z 185,@ 16.1

11,0 18,46 188,0 15o5
12.0 18,06 190o0 14°9

13.0 17,6r 19Z,O 1_,_

1_o0 17.28 193,0 1_,0

15,0 t6.90 194.0 15,?

10.0 16.50 195,0 13,3

17°0 16,10 196.0 13,1

18°0 15.71 198.0 12.8

19,0 15.3Z Z00.0 12.5

20,0 14,9_ ZOZ.G 1Z.3

Z1,0 1_,55 20_,0 1Z.O

ZZ,O 1_,19 Z06,0 11.8

Z3.O 13,82 209.0 11.6

Z_°O 13oW7 21Z,0 11.4

ZS°O 13.13 210.0 11.Z

Z6.0 1Z,81 219,0 11.0

Z8.0 1Z,18 ZZF,O 10,7

30.0 11,6_ 235°0 10.4

32.0 11.07 2_,0 10.1

34.0 10°58 ?53.0 9,90

36.0 10.1Z 263.0 9.69
38.0 9,?05 273.0 9,50

_0,0 9.317 283,0 9.33

_5,0 8.468 308.0 8.98

50,0 T,?SD 33_.0 8,69

55,0 F.102 361.G 8._6

60,0 6,65Z 387.0 8.Z7

65,0 6,Z10 _1_°0 8,1Z

70.0 S.BZ6 4_1,0 7,90

75.0 5,487 _68,0 7.87

80°0 5,187 _9_.0 7.77

90o0 _,678 5_8°0 7°61
100.0 _,Z&Z 601.0 7,N8

125.0 3._1 733.0 7,26

1S0.0 Z.959 863,0 7o1Z

175.0 2,570 99_°0 7.02

200°0 2.271 1120.0 6.95

225.0 Z.OS5 IZ50.0 6°90

ZSO.O 1,8_ 1380.0 6,86

zrs.o 1.685 1510,0 6o82

300.0 1.552 %6_0.0 6.80

350°0 1.340 19eO,d 6.76

_00.0 1,179 2160°0 6,72

_50.0 1,052 2_20.0 6,70

500,0 0.9503 Z6BO.O 6,68

600°0 0.7959 3190,0 6,66

700,0 OoB8W7 3710.0 6,6_

800,0 0.6007 4230,0 6,6Z

900°0 0.5351 _750,0 6,61

1000,0 0°_823 5270.0 6.61

1100,0 0,N391 5780oD 6.66

1ZO0,O O,_OZ9 6300,0 6,60

1300,0 0.37Z3 6BZO°O 6.59

1400°0 0,3_59 73_0,0 6,59

1500.0 0.3Z31 7860,0 6°58

• TWO-PHASE BOUNOA_Y

_ NUMBERS IN TiTS _OLUHN HAVE

-VIOP/DV) T (DV/DTI/VP

ATM 1/SEG.K

56k.0 0,02J8

581,0 0.017W

582.0 0,0162

57_.@ 0.0158

5?3*0 G,0157

571.0 0,&157

569,0 0°_157

567,0 0.0157

56_.0 0,0156

56?,0 G.0157

559,0 0.0157

556°0 0,0157

553,G 0.0157
551*_ _.0158

535.0 0,_161

519.G 0.016_

5_3._ 0.016_

kB6.& 0.0174

_70.0 0.0179

_55,& G,0185

_39.0 0._190

_z_.0 0.0195

396.0 0.020_

370,0 0.0212

3_5.0 0.0219

327.G 0.0227

30_.0 0._233

Z83.0 0.02_0

266.0 0.07_6

251.0 0.0750

238.0 0.0253

226.0 0,0256

215.0 0,0757

Z_0.0 0.0258

198.0 0._Z57

190.0 0.G256

18W.0 0.0Z55

178.0 0.0752

169.0 0.0Z_6

161,0 0,023_

155.0 0,0231

150,0 0.022_

1_6.0 0._715

1_3,0 0,0Z08

1_0.0 0.02_0

134.0 0.018Z

130.0 0.0167

127,0 0,0154

12W.0 0.01_Z

1_2,0 0.0132

121.C 0.017_

119.0 0.0116

118,0 0,0109

116,0 0,00979

115,0 0.00087

117°0 0.0077_

_10.0 0,_06_0

108.0 0,0_576

1C7.0 0,00_6W

IC6.0 0,00_16

1&6,0 0.G0376

105.0 O.O03_W

105.0 0.0_317

10_.0 Q.00773

103,0 O.UO2_O

103.0 0.00Z15

_03,0 0,0019_

1E2,0 0,00162

1CZ,O 0,001_0

1C1,0 0.001Z3

101.0 0.00109

101.0 0.000985

161.0 0,000897

101,0 0,0_0873

101,0 0,000761

101o0 0°000707

101.0 0.000661

THERMAL VISCOSITY TH_RHAL DIFLECTRIC PRANOTL

CONDUCTIVITY OIFFUSIVITY CCNSTANT _UMBER

HWICH-K GICM-S S_-CHIS

_• X 10000C0

0.366 299.0 0.00093h 1,&7_80 1.52

_.39Q _47.G _.001_ 1,079_W 1.16

0,W17 211.@ 0.000983 1.07_36 1.0_

G.W_W 18_.0 0,00_929 1._7715 G.060

_,WW9 180,0 0.0009_0 1,07757 0.955

0.W55 170.0 0.000919 1._77_ 0,935

Q.460 172,0 0,00J933 1._7731 Q.�C?

_.w6fi 1Ea. O 3.00u937 1.07719 0.880

O*q70 16W.O 0.C009W0 I.CFIG7 &.860

0.W75 161,0 O.Q@;9_Z 1,_769w 0._?

O.hB@ 158o0 0.0009_5 1.07607 0.82_

0.W85 155,0 0.0b09W6 1,07670 0.808
O.W�Q 15_.0 G.000968 2.07657 0.793

3,WgW lk9o0 0.0_9h9 1.076W5 0.779

0.517 137.0 0.000951 1.07583 0,720

0.531 177.0 O.OQa9W9 1.0_520 0,675

0.55W 119.0 0.0009w_ 1.07W57 0.6_0

0.57_ 112,0 0.000938 1.07_91 0.613

0.583 0_7.G _.00_930 I.CTSZS 0.592

3,59W 1_Z.0 0,00_921 1._7257 0.576

0,60W 97*6 0.00_911 1.07187 0.56W

0,612 9W.O 0,000901 1.07117 0.555

0,62_ 88,1 0,00U88_ 1,&097_ 0.5_0

0,631 83,6 _.0_&869 1.06823 0.533

0.636 80,2 _,000855 1.0667_ 0,531

0,630 77,6 u*OObBkk 1,06575 0.53_

0.639 75,5 _.0_0835 1.06375 0.536

0.638 73.9 _.000825 1.062?3 0.5_3

0,635 72°6 0.000818 1.06_71 Q,551

0*633 71°6 u.O_OB1k 2._5920 0,560

0*630 70.8 0.&00812 1.05770 0.569

0.626 70,3 0.000813 1*05622 0.579

0.673 69,9 0._00616 1.05_78 0,588

0.6Z0 69.7 0,00082Z 1._5336 0.598

8.617 69.5 0.000829 1._5198 0.606

_.615 69.5 0.000839 1,0506W 0.615

0.613 69.6 _.G_0850 1.0_935 0.6_3

0,611 69,7 0.00_863 1.G_80_ _,631

0.608 70,1 G.0_089_ 1.0_57_ 0.6W_

0,6_7 70.7 G.0_93_ 1.C_353 0.656

0,807 71o5 0.000971 1.C_150 0.665

0.608 77._ 0.0010_ 1,03963 0.673

0,610 73*3 0.001_? 1._3791 0.680

0.61_ 7W.3 0.00112 1.03632 0.685

0o618 75.3 0.00117 1.03_85 0,689

_.630 78.1 0.001_2 1,03165 0*697

0°6_6 80.9 0.001_9 1.02898 0,700

_.663 83.8 0.00167 1,0_673 0.7_1

0,682 86.7 0,00186 1.07k81 0.701

_.7_1 89,6 _,]_ZC6 1.07315 0.70_

0.722 97,5 0,00227 1.02171 0.699

0.7_3 95.W 0.002_9 1.026_ 0.697

0.76W 98,2 0.00273 1.01931 0.695

_,806 10W°0 0.0_32_ 1._17_1 0.691

0,8_9 109,0 0.0_37_ 1.01585 0.607

0°956 171,0 0.00519 1.01_97 0.668
1°06 13No0 0,0068_ 1._1_99 0.66_

1,16 1_6°0 0.0086_ 1._0956 0.661

1.75 158.0 0.0106 1,0_8_3 0.659

1.34 170.0 0._177 1._075S 0.658

1°W3 181o0 0.01_9 1,_368q Q,658

1,52 19Z,_ 0.0173 1.0:625 0,658
1,60 203.0 _.0198 1._3575 0.659

1.76 224.0 Q._ZS_ 1.0_97 0,661

1.93 2h5°0 0,0315 1.0_37 0,662

_.08 766.0 0,0381 1._)390 0,667

Z,Z_ 286.0 _.0_5_ 1.0_352 0.663

Z,53 32_*0 0.0613 1.002_5 0.663

2*82 360.0 0.0793 1.0_75_ 0.66_

3.09 396.0 0.9991 1.00273 0.66W

3.36 #30,b 0.121 1.00198 0.66_

3,61 _63.0 0.1_ 1.00179 0,665

3.86 k95,0 0.170 1.00_63 0.665

_.il 526*0 G,196 _._&1_9 0,665

_.35 557,0 0.2Z5 1._J138 0,665

_°58 587.0 0.755 1.;_128 0,665

_.81 616,0 Q.287 1.0_120 0.665

BEEN HULIIRLIEC BY THE INOICATED FACTOR
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THERMODYNAMIC PROPERTIES CF HELIUM 6

150.0 _TMOSPHERE ISOBAR

TEMPERATURE VOLUHE ISOTHERM
CC/G OERIVATIOE

DEG. K _ X ,Or CC-ATM/G

W.5 O.OMW98 3610,0

5.0 0,0_536 3660.0

5,1 0,0_9_1 3670,0

5.2 0.0_5_5 36_0.0

5.3 0.0_55_ 3680.0

5._ 0.0_560 3680.0

5,5 0,U_567 3680,0

5.6 0.0_573 3670.0

5-7 0.0_579 3670.0

6.8 0.0_586 3670,0

5.9 0.0_590 3660.0

6.0 0.0_596 3660,0

6.9 0.0_b25 3620.0

7,0 0,0_65_ 3570.0

7,5 0.0W683 3520.0

8,0 0.0W712 3W60.0

8.5 0.0_I_3 3_00.0

9.0 O.OW??k 3360,0

9.5 0°06807 3280,0

10-0 0.0W_60 3230.0

11,0 0.0_912 3120,0

12,0 0.0_987 3020.0

13.0 0.0506_ 2920.0

16.0 0.051_6 2830,0

15.0 0.05227 2760.0

16.0 0.05316 2660.0

17.0 0,05_05 2580.0

18.0 0,05_99 2500,0

19,0 0.05597 26_0.0

20.0 0.05697 2370.0

21.0 0,05802 2320.0

22.0 0.05909 2270,0

23.0 0.06019 2220.0

26.0 0.05132 2180.0

25.0 0.06268 2150.0

26.0 0.06166 2110.0

28.0 0.06610 2060.0

30.0 6,06861 2030.0

32.0 0.07119 2010.0

36.0 0.07303 2000.0

36.0 0.07692 1990,0
38.0 0,0792k 2000.0

60.0 0.08199 2010o0

65.0 0,08897 2050.0

50.0 0.09601 2120.0

55.0 0.1031 2190.0

60.0 0.1L02 2200-0

65°0 0.1113 2370.0

70.0 0.12_3 2_60.0

75,0 0.131_ 2590.0

80.0 0,130k 2650.0

90.0 0.1926 2860.0

tO0oO 0o166k 30_0.0

125.0 0.2009 35_0,0
190,0 0.2392 60_0.0

175.0 0.269_ _560,0

200-0 0.3_3_ 5060.0

225.0 0,3376 55W0.0

250.0 0.3713 60k0.0

275.0 0._092 65_0.0

300-0 0o_3_2 7050,0

350.0 0.5070 8050.0

_00.0 0.07_B 5050.0

_50.0 0,6_26 10100.0

500.0 0.710_ 11100,0

600.0 0,8_62 13100,0

700,0 0.9820 15100,0

805.0 1.118 17100-0

900.0 1.25_ 19200.0

1000.0 1.390 21200.0

1100.0 1.526 23200,0

1200.0 1.662 2520G.0

1300.0 1.798 27300.0

lkO0.O 1.93_ 29300.0

1500.0 2.070 31300-0

ISOCHORE INTERNAL ENTHALPY ENTROPY C0

DERIVATIVE ENERGY

ATM/K JIG JIG J/G'K

13.7 11.9_ 80.30 1.387 1.992

11,8 12.69 81.61 1,667 2.1_k

11.6 12.86 81.09 1,698 2.179

11.3 13.05 82.17 I=7_7 2.193

11-I 13.21 82.h3 1-796 2.171

10.9 13,37 82.68 1,863 2.175

10.7 13.5_ 82.9_ 1.890 2.180

10.6 13.69 83.19 1.936 2.187

10.k 13.85 83,_ 1.981 2.195

I0.3 1_.0_ 83.70 2.026 2,206

10.2 16.1_ 83.95 2.069 2.21k

10.1 16.35 86.21 2.113 2.226

9.69 15.20 85._9 2.322 2.2B1

9,_8 16.08 86.81 2.921 2.339

9.38 17,00 85.17 2.712 2.397

9.3_ 17.95 89.57 2.897 2.653

9.36 18.9] 91.01 3.076 2.509

9,35 19,9_ 92.50 3,251 2.562

9.]7 20.99 96.0k 3.622 2.615

9.39 22.07 99.63 3.590 2.667

9.20 26.76 99.k2 3.958 2.761

9.16 27.61 103.h 6.311 2°867
8.96 30.60 107o6 6.651 2.922

_.76 33.73 111.9 _.978 2.982

8.56 36.97 116.6 5-293 3.02k

8.36 39.85 120.6 5,566 3.066

8.16 _2.80 126.9 5.827 3,099

7.95 h5.8] 129._ 6.082 3.125

7.73 k0.92 13h. O 6.329 3o166

7.51 52.06 138.7 6.568 3.161

7,28 55.2k 063._ 6.801 3.176

7.06 58.q7 168.3 7.027 3.186

6.85 61.73 153.2 7.2h6 3,192

6,66 65.02 198,2 7.659 3.198

6.W3 6_o36 163.3 ?°667 3.206

6.23 71.6_ 168._ 7.868 3.209

5.85 78.63 178.9 8.255 3.216

5.50 89.23 189.5 8.622 3.223

5.18 92.09 200.3 8,970 3.2_8

_.85 98,9? 211.2 9.300 3.232

6.61 105.9 222,2 9.616 3.236

_.36 112.8 233.? 9.912 3,260

_.13 t19,7 26_.3 10-20 3.262

3.66 137.0 272.2 10.05 3.267

3.25 156.1 300.1 11.66 3.2k9

2.93 171.2 327.9 11.97 3.269

2.E6 185.2 355.7 12.66 3.268

2.k6 205.1 ]83.3 12,90 3.265

2.25 221-9 _IO-9 13.31 3.262

_.08 230.5 638.3 13.68 3.239

1.9_ 255,1 k65.6 16.0_ 3.239

1.71 288.1 519.8 16.68 3.227

1.53 320.8 573.7 15.26 3.220

1.21 601.7 707.1 16.63 3.203

1.00 _81.7 839.2 17._0 3.19_

0.853 561.2 970.6 18.21 3.180

0.?_5 660.3 1101.0 18.91 3.173

0.661 719.1 1232.0 19,52 3.167

0._95 797.0 1362.0 20,_7 3,162

0,5W1 876.3 lk92.0 20.57 3.158

0._95 956.8 1522.0 21.02 _.155

0,_25 1111,0 1802.0 Z1,82 3.150

0.072 0265.0 2161.0 22.51 3.1_E

0.331 lk2_.0 2_01.0 23.12 3.1k6

0.298 1561.0 2660.0 23.67 3.1k1

0.268 1893.0 3179.0 26,62 3.138

0.213 2205.0 3698.0 25._2 3.136

0.18E 2517,0 6216.0 26.11 3.13k

0.166 2030.0 6739.0 26.72 3.13_

0.1_9 3162,0 5256.0 27.27 3.132

0.136 3_56.0 5773.0 27.76 3.131

0.124 3766,0 6291.0 28.21 3.131

0.115 6078.0 6810.0 28.63 3.130

0.107 6390.0 7329.0 29.01 3.130

0,100 kTOZ.O 70k8,0 29.37 3.129

J/G-K

CP

2,_76

2.562

2,561

2.573

2.566

2.562

2 • 56 8

2.556

2.561

2.570

2.581

2.666

2.726

2,816

2,908

3.009

3.10;'

3.210

3.319

3.506

3.689

3.851

6.000

6.131

6.272

6. 600

6, $16

6,6?6

6,722

6.513

6. 897

6.976

Y.06S

5.110

5. 169

5.272

5. 355

5.621

5.A71

5.510

9.530

5. 557

5.579

S, 577

5.5[:3

5.5N2

5.518

5- 693

5.669

5.666

5.605

5. 371

5.307

5. 268

5- 262

5.226

5.216

5.207

5.201

5.197

5.192

5.190

5.188

5.187

5.187

5.187

5.187
5.187

5,188

5.188
5.188

5.1B8

5,189

5.189

VELOCITY

OF 5DUNg

HIS

673.6

563.1

661.6

660.9

660.7

659.9

659.2

6_8.6

657.7

656.9

E56.2

655.S

652.1

669.2

6_6.7

666.5

662.5

6_0.8

639-1

637.5

633.2

628.9
62_._

82B.8

615.7

612,2

688,7

605.6

6@2,3

$99.fi

5q6.8

59_.6

592.3

S90.6

588.8

587,5

585._

586,6

586.5

585.1

586._

588.3

590.6

598.0

807.0

616.9

627.5

E38.6

669.6

660.8

672.2

896*7

712.0

771.0

822.2

570.9

917.2

961.5

lO0_.O

1045.0

1086.0

1159.0

1230.0

1297.0

1361,8

1480,0
1591.0

1695.0
1793.0

1886.0

197_.0
205%0

2160.0

2219.0

2295.0

TWO-PHASE BOUNDARY

"_ NUMBERS IN THIS COLUMN HAVE BEEN MULTIPLIED 9Y THE INDICATED FACTOR



150.0 ATHOSPHERE ISOBAR

THERMOPHYSICAL PROPERTIES OF HELIUM

TEMPERATURE OEqSITY V(OHIDV_ V(OPIOU_

OEG. K G/DC JI5 ATM-CC/J
" X 1_0

_,5 22.23 1_5.0 31.0

5.0 22.05 th,O 25.6

5.1 22,02 119.0 2W,1

5.0 21.99 18k,0 23.5

5.3 21.90 185.0 23.3

5,k 21.93 18B.0 22.9

5.5 21*90 191.0 22.9

5.6 21.87 19_.0 22.1

5*7 21,8k 196.0 21.7

S.0 21o01 199.0 21,4

5.9 21.70 201.0 21,1

b,O 21o75 20_*0 20.8
6.5 21,62 214*0 19,7

7,0 21._9 221.0 18.9

7.5 21.36 225.0 18,3

8.0 21*22 229.0 17.9

8.5 21.08 231.0 17,7

9.0 20.95 233.0 1Y.4

9.5 20.83 Z3k.O 17.0

I0.0 Z0,66 236.0 17.0

11.0 20.36 240.0 16.5

12.0 20.05 2_4.0 16.0

13.0 19.?§ 2_8.0 15.5

t4*O 19*_ 251.0 15.1

15.0 19.13 253,C 14.6

t6.0 16,8Z 255.0 1_,5

17.0 18.50 257.0 14.2
18.0 18,1) 259,0 14.0

19,0 17.6T 260.0 13,2

20.0 17.55 262.0 13.5

21.0 1?.2b 26_.0 13.3

22.0 16.92 266.0 13.1

23.0 16.61 Z68,0 12.9

24.0 16,31 270,0 12,7

25.0 16.01 213.0 12.5

26.0 15.71 2T6,0 12*_

28*0 15,13 281.3 12.0

30.0 14.57 288.0 11.7

32.0 14.05 Z95*0 tI._

3_.0 13.5_ 303.0 11.1

36,0 13,07 312.0 10.9

38.0 12.62 320.0 10.7
40.0 12.20 330.0 10._

+$.0 11.2_ 35+.0 10.0

50.0 10.k2 3T9.0 9.60

55.0 9.700 +04.0 9.29

60.0 9.015 +31.0 9.03

55,0 8.5Z7 +57.0 8.80

T0,0 8.0+2 m83.0 8.61

75.0 7,610 510.0 8.45

60.0 7.22W 53?.0 8,31

90,0 6.550 590,0 8.08

100*0 6.010 6+3.0 7.89

125.0 4.976 175.0 7.57

150.0 +,251 906.0 7.37

175._ 3.712 10_0,0 7.23

200.0 3.296 1170.0 7,12

225.0 2.90+ 13u0.0 7.05

250.0 2.693 1_20.Q 6.98

275.0 2,_68 1550.0 6.90

300.0 Z,ZT/ 168d._ 6.90

350.G 1.973 19+0.0 6.83

+00.0 1.7_0 22U0,0 6.79

+50.0 1,556 2+60.0 6,76

500,0 1.+08 2720.0 6.73

60_*0 1.182 3230.0 6,69

700.0 1.018 3750,0 6.66

800.0 0.89+6 +070.0 6,65

900.0 0.7)76 +780.0 6.63

1000.0 0.7196 5300.0 6.62

1100.0 0,655+ 9820.0 6.61

1200.0 0o6J18 63+0.0 6.6_

1300.0 0.5563 6060.0 6.6;

1000,0 0.5171 73T_,0 6.59

1500.0 0.0531 789_,0 6,59

*VIDP/DV) T (OV/OT)/V P

ArM I/OEG. K

802.0 0.OtTt

8£8.0 0.01+6

808.0 0.0103

8C8.0 0.014U

807.0 0*0t37

8C6.; _.0135

805,0 0.0133

a03.0 0*0131

802.0 0,0133

8_0.0 u.0129

798.0 G*0128

799*0 U.0127

782.0 0.012_

767.0 0.012+

751.0 0,0125

73_*0 0.0127

717.0 0.0130

700*0 0.0134

683,0 O*&13T

667.0 C.01+1

03_.0 0.0146

6_5.0 G.6151

577._ 0.0155

550.0 0.0159

52_.0 0.0163

5_J.O 0.0167

+77.0 0.0171

_55.0 O*ulT5

+39.0 0.0178

_17.0 0.C180

_00.0 0.0182

380,0 0.018k

369.0 G.0186

356.0 0.¢187

3_3.0 0.0187

332.0 0.0108

310.0 C.01_7

296.0 G,0186

282.0 0.C1_+

270.0 0.0180

261.0 0.0177

252.0 0.0173

2_5.G 0.0169

232.0 0.0156

221.0 0.01_7

213,G 0.0138

2_7.& 0._129

2_2.0 0.0121

198.0 0.011+

19+,_ 0.0107

191.0 0._1_1

107.6 0.03916

183.0 0.00835

176.0 0.00685

172.0 0,00562

169,0 0.00506
165.0 G.COW_8

160,0 _.00_3

163.0 L.0_365

161.0 0,00335

160.0 0.0_3_9
LE�.& 0._0267

158.0 0,60236

157.C 0.GC211
156,G 0.00191

155.0 _.00160

15W.0 0.0013_

153._ Q.C3122

153.0 L.O_IJ_

152.0 _.00_978

152.0 U.u00891
152.u _._0081_

152.0 0.003757

152.0 0.0007_

151.5 0.00_65_

THERMAL VISCOSITY THERMAL DIELECTRIC PRANOTL

CONDUCTIVITY DIFFUSI_ITY CONSTANT NUMBER

MW/CM-K GICH-S SQ°CM/S

*_ X 1000000

0,+85 381.0 0.0_0862 1.O_+wG 1.9_

_.516 317.0 u.0_92_ 1.3_371 1.56

0.522 3_7.0 0.000923 1,08306 1.51

_.526 298.0 0.0&U533 1._8_5 1.+5

0.530 289.0 0._30956 1.0_333 1.38

0.0_0 280.0 C.000969 1.08322 1.32

_.5+6 273.0 0,000961 1.0_310 1.27

0,552 265.0 0,000991 1.08299 1.22

0.558 258.0 _.0010_ 1.0_286 1.18

0.56+ 252.0 0.00101 1.08277 1.1+

0.573 2_6.0 u.QulL2 1.0_266 1,11

0.575 200,0 0.001_2 1.08255 1.08

0.603 215._ 3.00105 1.082_3 0.9+_

0.627 195.0 0,001_7 1.0_151 0.848

0.6k9 179.u 0.001_8 1.08099 0.777

0.669 166,3 J,001_8 1.CS0_7 0.723

_.68& 155.0 J.O_l_8 1._799_ 0.681

0.701 1+6.0 _,M01_6 1._79_0 0.6k8

_,713 138.C _.00107 1._685 0,623

0.72+ 132.0 0.001C6 1,07029 0,b03

0.7W1 121.0 0,0010_ 1.37712 0.571

_.752 112.0 O.0OILZ 1.3759+ _.550

0.760 106.0 0.0010G 1.07G75 0.537

0.765 101,0 Q*00_983 1.J7356 0.528

0.767 97.0 0.000971 1.07238 0.522

_.768 93.8 u.0_955 1.07116 0.522

0.767 91.2 0,000_42 1.0699+ 0.523

Q.765 89.1 0.000931 1.0_572 0.526

0.762 87,+ 0._00922 1.C6750 0.530

3.759 86.0 G.0L;915 1.0662_ 0.535

0,755 8_.8 0.03091_ 1.065_6 0,5k1

0.752 83.9 0.000907 1.06386 0*5_7

0.7_8 83.2 0.000%5 1.06267 0.554

J.7+_ 82.7 0.;00965 1.06149 0.560

0.7+1 82.3 O.O_vgE6 1.06_33 0.567

0.737 82.0 0.000908 1.05919 0.575

0.731 81.6 0.0C3917 1.05597 0.588

0.727 81.8 _._00_31 1,05_85 0.602

_.723 81.8 0.0_99+9 1._5203 0.61_

0.72_ 82.2 0.0_0_72 %.05391 0.625

0.719 82.8 Q,001&_ 1.0_910 0.63_

0.718 83.4 0.0_1_3 1.0W739 0.6_3

0.719 8_.1 0.G0106 1.3_577 0.650

0.724 86,2 0,00115 1.0_Z14 0.66_

0.733 88.5 0.00126 1.039C1 6.67_

_.7_5 91.; _.03138 1._3630 0*680

0.759 93.6 0._0151 t,0339_ 0.683

0.77+ 96.2 0.0316E 1.031_7 0.685

0.791 98.8 u.0_179 1,_3C0_ 0.686

0.828 10_.0 0,00210 i.n2696 0.685

0.866 1_9._ _.C_2_W t.02_6 0.683

8.915 115.0 C._L2_O I._22_0 0.680

1.0_ 1_6.0 0.0_3_ 1,01853 0,663

1.10 138.0 0.0_9_ 1.31581 0.659
1.20 150.0 0.0061_ 1,q1383 0.656

1.29 161.0 G.017_9 1.01_25 0.65+

1.38 173._ ;._08_1 1.3_101 0,653

1.+6 1_3.0 _._1_ 1.311_] 0,653

1.54 19+._ _.C12_ I._16 0.653

1.62 2_*_ _,0137 1.0_5 0.654

1.79 226.0 0.017_ L,_3732 0.656

1.94 2_7.C _*021_ 1.0_6_5 0.658

2,1C 267.0 O,CZ_( 1.0_577 0.65_

2,25 287,_ 0.030H 1,_0522 0.860

2.55 325,6 _.U_I_ 1,C_8 0.662

2,83 361.0 0.053_ 1,]_377 ;.662

3,1_ 396._ G*C668 1,C_32 0.8E3

3,36 _3_,e O.OA13 I.C3206 0,563

3,62 403,C 8.3971 1._]267 0,664

4.11 52T.3 _.137 I*_+2_3 0,664

_,35 557.0 C,151 1,_306 0,66_

4.59 587,0 0.171 i*0J1_ 0.66_

TWO-PHASE BOUNOA_Y

++ NUMBERS IN THIS COLUNN HAVE BEEN MULTIPLIEC BY THE INOICAIEO FACTOR
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THERMOCYNANICPROPERTIES OF HELIUM W

200,0 ATMOSPHERE ISOBAR

TEMPERATURE VCLUME ISOTHERM ISDCNORE INTERNAL ENTHALPY

CCIG OERIVATIVE DERIVATIVE ENERGY

DEG. K e_ X ,01 CC-ATMtG ATM/K J/G JIG

5.2 0.0_306 _30.0 14.5 15.68 102.9
5.3 0.04312 _B.Q 14.0 15,8& 103.2

5._ 0.0_310 4_SO.O 13.E 16,03 103.5

5.5 0.0432_ 4460,0 13.2 16,20 103,8

5.6 0.0_329 4460.0 12.9 16.37 104.1

5o7 0.0433_ _470.0 12.5 16,54 104.4

5.8 0.0_340 4470,0 t2,] 16o72 104.7

5.9 0.043k5 4470.0 12.0 16.89 104.9

6,0 0.04350 4470.0 11.0 17.06 105.2

6.5 0.0437_ N450.0 10.9 17.92 106.6

7.0 0-0_397 _420-0 10.4 10-T9 107.9

7°5 0.04420 _370.0 10,2 19,67 109.2

B.O 0,04442 _320.0 10.0 20.56 110,6

8.5 0,0_466 _270,0 1Q.Q 21.47 112.0

9.0 0.04_89 4210.0 10.1 22-41 113. h

9.5 0.0451_ _150.0 10.1 23.37 11_.8
10o0 0.04539 _100.0 10,2 24.35 116.3

11,0 0,0_593 3990.0 tO.2 26,8_ 120.0

12.0 0.0_649 3890.0 10-1 29.56 123.8

13.0 0.0_707 3790.0 10.0 32.39 122.8

1_.0 0.0_767 3700,0 9.87 35.37 132.0

15.0 0.0_828 36LO.O 9.68 36._6 136.3

16.0 0-04891 3530.0 9°54 41.14 1_0,_

17.0 0.04957 3440.0 9,36 43.91 144.4

18.0 0.05025 3370.0 9,20 46,75 148,6

19.0 0.05095 3290.0 9.02 _9-65 152.9

ZO.O 0,05168 3220,0 8.02 52.61 157.3

71.0 0.052_2 3150,0 8.62 55.61 161,8

22°0 0,05318 3090.0 8,ql 58.66 166.4
73.0 0.05396 3030.0 B.Z1 61.75 171.1

24,0 0.05476 2970.0 8,01 6k,BB 175.5
25,0 0.05557 2920.0 7,81 68.04 180,7

26.0 0,956_1 2800,0 7,61 71.22 185.5

?6-0 0.05812 2500,0 7,23 77.68 195.5

30.0 0.05990 2730.0 6.86 0_.22 ?05.6

3?.0 0.06173 2680,0 6.57 90.54 215. o

3_.0 0.0636L 26_0,0 6.19 97.52 ?26.4

36,0 0.06553 2610.0 5.89 104.? 737.0

38,0 0.06749 2590.0 5.60 111-0 2_7.8

RO,O 0.06948 2570,0 5.34 117,8 758,6

_5.0 0,07455 257D.0 H.76 13_,9 285°9

50.0 0.07_73 2610,0 _.27 15Z,0 313.5

55.0 0.06496 2660.0 3.67 169,0 341.2

60.0 0,09023 2720.0 3.52 186,1 368.9
ES.O 0.00550 ZTBO.O 3°73 203,0 396.E

?O.O 0,1_08 2570.0 2.99 219,9 424.2

75.0 0,1061 2960.0 2,77 236,7 451,7

BC.O 0.1113 3050.0 2.58 253,5 _79,1

90.0 0,1210 3230.0 2,28 286,7 533,6

IOC.O 0.1323 3_20,0 ?.03 319.7 587.7

1Z6.0 0.155? 3900.0 1,61 _01,3 721.8

15_.0 0.1539 _350,0 1.33 451.9 054.5

175,0 0,2014 4_70.0 1,13 561,6 986.2

2GO-Q 0.2549 5370,0 0.990 6_1.3 1117.0

225.0 0,2603 5860,0 0,075 7ZO,k 1740o0

_50°0 0°2857 6350,0 0.790 799.3 1378o0

275.0 0.3111 6850.0 O.Tt_ 678,1 1509.0

300.0 0.3365 7340,0 0.658 956,? 1639,0

350,0 0.3872 8340.0 0.564 1114.0 1890,0

400.0 0.4379 9340,0 _.494 1270,0 7158.0

_50.0 0-4856 10300,0 0.439 1_27.0 2417.0

50£.0 0,5394 11300,0 0.396 1583,0 ?676.0

6_C,O 0o6_10 13300.0 0°330 1896,0 3195o0

700.0 0.7426 15_00,0 0._83 ??09,0 _713°0

800.0 0.8443 LT_00,O 0.248 25?1.0 _73?.0

900.0 0.9460 19_00.0 0,220 2533,0 4750.0

1000.0 1.O_B 21400.0 0o199 3145.0 5269,q

11_0.0 1.150 23400,0 0.181 _58°0 5787.0

1200-0 1.252 25500,0 0.166 3_70,0 6306.0

130_,0 1.353 27500.0 0o153 4052,0 60?5.0

L400.0 loNS5 29500,0 0,142 _394,C 7_q3,0

1500,0 1.557 3150_°_ 0.13_ _706o0 7862,0

ENTROPY

J/G-K

1-_3_
1,_91

1.545

1.598

1.6_9

1,699

1.?47

1,795

1,5_1

?.060

_.261

?.451

_.630

2,803

Z-969

3,131

3,289

3.6_1
3.98_

_.307

4.6??

_-925

5.102
5,430

5.671

5-905

6.132

6.352

E.565

6.773

6,975

7,171
7.362

7.730

6.080

0.41_

8.731

9.036

9.3?5

9,603

10,25

10.83

11.36

11.04

12.78
12.69

13,07

13.42
1_,06

1_.64

15._3

16.80

17.61

18.31

19._8

10.97

20.43

21.23

21.92

_2,53

23.30

2_.0?

25.51

26.13

26.67

27.17

?7.62

2_.0_

78._2

20.77

CV

2.539
2.408

2.406

2.447

2.43?

2,419

2-409

2.401

2.395

2.3_?

?.309

2.407

2.43_

?,k67

2.506

2,549

2.595

2.605
2.779

2.067

2,930

2.988

3,039

3.080

3.112

3.137

3.157

3.17_

3,107

3,197

3.206

3.213

3.219
3.230

3.238

3.24E

3.251

3.256

3.260

3.264

3,277

3.276

3.276

3.270

3.277
3.275

3.271

3.2&B
3.250

3.251

3.2]1

3.215

3.293

3.193

3.1_5

3,170

3.173

3*160

3,167

3,157

3,153

3.150

3o146

3.1_3

3.1R1

3.13q

3o13_

3.137

7.136

3.135

3,13_

?,13k

J/G-K

CF

3, BO_

2.931

?.890

?.855
2,826

?.601
2.781

?,764

2.751

2.715

2.725

?.758

2.808

2._77

2.948

3.C32

3°123

3.797

3.475

3,041

3.786

3-906

4°_kl

4.167

_.272

4.372

4._65

4.552

4.632

W.TOB

4,779

4.8k5

4.908

5,022
5.121

5.206

5,279
5.3_0

5,390

5._31

5._90

5-531

5.541

5.537

5.525

5.509

5._90

5°_71
5._33

5,399

5.331

5.2B6

5.255

5.235

5.220

5.210

5,203

5.198

5.192

5.180

5.186

5.185

5.185

5.105

5.185

5,185

5.186

5.106

5,186

5,187

5,_07

5.187

VELOCITY

OF SOUND

M/S

729.0

728.3

727.1

726.0

724.9

723°9

722.9
721.9

721.1

717.3

714,4

712.2

710.5

709.2

708.3

707.6

706.9

704._

701,7

698.E

695.2

691.9

689.3

066,7

BOW.1

681.5

679.C

676.6

074.3

672,2

670.1

EBB,?

666.5

663,5

661,2

059,5

658,5

650,0
65B.?

658.8

662,1

667.5

674.4

682.3

690°8

099.9

7C9,2

718,8
738°3

?56.0

006.9

85W._

_00.1

944.1

_86._

1077.0

1067.0

11C5,_

1170.0

12_7.0

1_12.0

1_75o0

1_93.0

1602,0

1704.0
18_1,0

I093.0

1981.0

2065.0

21k6.0

2224.0

2300.0

TWO-PHaSE BOUNDARY

_" NUMBERS IN THIS COLUMN HAVE BEEN MULTIPLIED BY THE INOICATED FACTOR



THER_OPHYSICAL PROPERTIES OF HELIUM W

700,0 ATMOSPHERE ISOBAR

TEMPERATURE OENSITY VtDH/DVIp VKOP/DUI V

OEG, K G/CC J/G ATM-CC/J

• * X 100

5.2 23,22 213,0 Z4,T

5.3 23,19 211,G 24.3

5._ 23.16 219.0 Z3,8

5.5 23.13 ZZ3.0 23.3

5.6 23.10 Z2r.O 22.9

5.7 23.0r 230.0 Z_.5

5.0 Z3°04 25_.0 Z2.1

5.9 23.02 217._ ZL.7

6.0 22,99 Z_O.0 21,4

6.5 22.86 25_.0 20.0

7,0 2Z.T_ 263.0 t9.Z

7.5 22.63 269,0 %8.6

0,0 22.51 272,0 18.3
0.5 22.39 274.0 18.1

9.0 22.27 275.0 t5.0

9,5 22.15 2F6.0 17.9

10.0 22.03 277.0 17.8

11.0 21.77 201.0 %T._

12.0 21,51 287.0 17.0

13,0 21.24 293.0 16.S

lk.O 20,90 298.0 16,0

15.0 Z0*71 302.0 15*6

16*0 20*kW 305.0 15°4

17.0 20,LT 308.0 15,1
18.0 19*90 311.0 1_*9

19,0 19,63 313.0 14.6

Z0,0 19.35 315.3 1_.4

21.0 19.08 31T.0 1_.2

Z2,0 18.80 320o0 14.0

Z3,0 18,53 3ZZ.O 13.9

24.0 10.26 3Z4.0 13,7

25.0 17.9) 326.0 13.5

Z6.0 17.73 329.Q 13.3

Z8.0 17.23 334.0 13.0

30.0 16.69 360.0 12.7

32,0 16.23 346.0 12._

34,0 15.?2 353.9 12°1

36,0 15,26 361,0 11.9

30*0 14.82 369.0 11.6

_D,O Ik.39 322,0 %t._

bS.O 13.41 399.0 10.8

50°0 12.54 423.0 %0._

55.0 11.?? 4_8.0 10.0

60.0 11.00 _?b.O 9.70

65.0 lO,_T 500.0 9._2
_0.0 9°923 526.0 _.19

TS*O 9.429 553.0 8.98

00.0 8.903 5/9.0 8.81

90.0 8.210 632.0 8.51

100o0 7.501 685.0 8.28

125.0 6.3_3 81T,0 7°86

150°0 5.k39 960.0 7.60

175,0 4.?_5 1000.0 7.42

200°0 4.29? 1210.0 7,28
225.0 3.841 1346.0 7.18

250.0 3*500 1_T0.3 7.10

2TS.O 3.21_ 160d.0 7.04

300.0 2.9?2 1720.0 6.99

350,0 2.$83 1980.0 5.91

kOO,O 2.28_ 22b0,0 6,8_

_50.0 2,Ok? Z500.D 6,01

50d.0 1.054 2750.0 6.77

600.0 1.560 3213.0 6.72

700.0 1*361 3?90.0 6,69

800.0 1.106 4300.0 6.56

900.0 1.057 _020.5 6,64

1000.0 0.9563 5343.0 6.63

1100.0 0.8S90 5850.0 6.62

1200.0 0.1990 631_.3 6,61

1300.0 0.7389 6890,0 6.60

1400.0 0.6871 7_10.0 8.$9

15_0.0 0.6_22 29Z0.0 6.59

"V(DPIOVI T (OVICT_/V

ATM t/DEG. K

1030.0 0.0141

1030.0 G._136

1030.0 G.0132

1030._ 0.J128

1030.0 _.0125

%030._ C.0%22

%030.0 G.0_19

1030.C 0.U112

1930.0 _.O11W

1020.0 0.0%_7

10L0.0 O._IGW

989.Q 0.01_3
972.0 0.0103

955.0 0.0105

938.0 0.0107

920.0 £.011_

903.0 C.0113

868.0 0.0117

536.0 0._121

8(6._ 0.012_

777.& 0._127

749.0 0.01Z9

7_1.5 0.0132

695.0 0.0135

670.0 0,013T

6_6.6 0.01_3

623.0 _. 0142

661.0 0.31_3

581.0 0.01_5

561,_ 0,0146

5_3.0 0.0%_?

525.Q 0.61_0

5%0.0 0._1_9

_56.0 0.6151

433.0 0.0150

_1_.0 0.01_9

39_.0 5.0%48

383.0 0.01_6

371.0 0.0t4_

345._ 0.0138

322.0 0.0131

313.0 0,01_4

3E2.0 0.0117

293.Q 0.0111

285.0 0.0105

279.0 0.00994

27R.0 0.0C945

265.0 G.00559

258.0 0.0_788

246.0 0.00652

238.0 6.00557

233.0 0.00_87

228.0 _.0_33
225.0 G.6_39_

222.0 0.00355

223._ 0.0C326
218._ 0.00331

2%5,0 0.00262

213.0 0.00232

212.0 0.002J8
210.0 &.O_%SB

268.0 0.03159

ZG?._ 0.00%37

266.0 0,00120

ZGS.C 0.00198

2_4.C 0.000972

2_4.0 0.60_086
2C3.0 _.00001_

203.0 0.Q00753

203.0 0.&00700

Z&Z.O G.500655

THERMAL VISCOSITY THEPMAL DIELECTRIC PRAflOTL

CONDUCIIVITY DIFFUSIVITf CONSTANT _UM_ER

HW/CM-K G/CH-S S_-CH/S

"" X %GQAOC_

0.597 W82.0 0.0_.856 1.C_826 2.42
0.6_W W6W.O u.0_89 I._3814 2.2_

0.611 _47.0 0.000913 %.0_02 2.12

0.61_ W32.J 0.03.935 1.C_793 2.00
0.62W W18.0 C.a_3_57 1.J_77_ 1.89

0.631 WCW.C 0.000977 1.36767 1.79

0.638 39_.0 0.0010_ 1.08752 1.71

0.6WW 360.0 O.O&l&l 1.007W6 1.63

0.651 369,O _.OC1S3 1,_9736 1.56

0.682 322.0 3._0110 1._8686 1.28

J.T10 286.0 0.0L115 1.086_0 1.1C

3.736 258.0 J.00118 1.085_W 0.96?

0,_59 235.0 3.0612t 1.09549 0.871

0.779 2%7.0 _.00121 %,0_503 0.799

0.?97 201.3 3.d_%21 1.0q457 0.745

0.812 188.0 0.0_121 1.3q410 0.702

0.825 177.3 0.0012& 1.0_362 0.670

0.845 159.0 @.0_100 I,_261 0.62_
0.859 1W5.3 G._0115 1.08159 0.5_7

_.869 135,0 0.G_%12 $.08056 0.564

0.875 027.0 0.0G110 L,_7993 0.547
0.879 120.J O.G&IL9 1.6785G 0.53W

0.880 115.D 0.001C7 1._7746 0,528
0.879 111.0 0.001L5 1.376_0 0.523

0.878 107.0 0,001_3 1.07534 0.521

J.875 1L_.a 0.00102 1._74_8 0.521

0.872 lu2.0 0.0_%(1 t.07322 0.521

3.068 13J.G 0.001_C 1.07217 0.523

0.864 98.1 0,50099_ 1.07111 Q.526

0.560 96.T G.0_69_5 I..7306 0.530

0.856 95.6 C.006980 1.05962 G.53k

0.051 9_.7 0.000_77 1.05790 0.539

3.8_7 93.9 0.60397+ 1.J6696 0.5_4

0.8_ 92.8 0._00972 1.06_94 0.555
0,833 92.1 0.0G_97_ 1.06298 0.$66

0.827 91.8 0._0098G 1.051_8 0.578

0.92_ 91,7 G.0_;99_ 1.3592_ 0.589

0._1_ 91.8 0.661_5 1,057_7 0.$99
3.815 92.1 0.0_1L2 1.0957_ 0.669

0,813 92.5 0,_01=_ 1. J5415 0.618

3.812 93.9 0.00110 %.050_1 0.635

0.816 95.7 0.00110 1.CW?]9 0.6_9

0.823 97.8 O.O_I2E 1.0W415 0.658

0,833 1LO.O 0.0G136 1._15W 0.665

0.845 1_2.& 0.001_6 1.03922 0.669

0.859 105._ _.00157 1.03715 0.672

0.874 107.0 3.00169 %.03528 0,673

3.89_ 110.0 w.00181 1.03359 0.674

0.92_ 11W.0 3.00207 1.03067 0.673

0.960 119.9 0.00235 1.02823 0.671

1.05 130.0 0.00312 1.02357 0.657

%.15 1_2.0 0.0C399 %.02026 0.653

%.24 %53.0 d._0_93 1.31777 O,ES_
1.33 16_._ 0.00595 %.C15_3 0.6_9

1.41 175._ 0,007_3 1.01W28 0.6_8

1.W9 185.0 6.03808 1.01301 0.6_0

1,$7 196.Q 0._939 1.0119W 0.6_8

1.65 206.0 _.0107 1.01104 0.6_9

1.81 227.0 0.0135 1.0_959 0.652

1.96 248,0 0.016E 1.00_8 0.655

_.I_ 268.0 _._1_9 1.5_759 0.657

Z.27 288.0 0.0236 1.006_8 0.658

2.56 320,_ a.031E 1,3J579 0,660

2.84 362.0 u. G407 1.03499 0.661

3.11 39?.0 0.0536 %,00439 0,662

3.37 431,0 0,06%5 1.0_392 Q.662

3.63 464.0 0.0733 1.0_354 0.663

3.88 496,0 O.Q_SC 1,01322 @.663

+.12 527.0 0.0994 1.33296 0,663

4,36 558,0 0.114 1.0_27q D.663

q.59 587,0 0.12_ 1.3_255 0.664

4.82 617,_ _.045 1,0_238 0.66_

• TWO-PHASE BOUNOAq¥

"" NUMBERS IN T_IS COLUMN HAVE BEEN MULT]PLIE D BY THE INOICATEO FACTOR
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30O,O ATMOSPHERE ISOBAR

THERMOCYNAMIC PROPERTIES OF HELIUM

TEMPERATURE VOLUME ISOTHERM
CC/G DERIVATIVE

DEG, K v. X *01 CC°ATH/G

7.0 0,06050 5910.0
7.5 0.0_067 5080-0

0,0 O.O_OB_ 50w0.0

8.5 0,0_100 5800.0
9.0 0.0_116 5750.0

9.5 0.0_133 5700,0

1C.0 0.0_150 56_0.0

11.0 0,0_107 5530.0

12,0 0.0_225 5_0.0

13.0 0.0_265 5350.0

1_.0 0.0_306 5260.0

15,0 0,0_3k7 5180,0

16,0 0*06390 5100.0
17.0 0*0_3k 5020.0

18.0 0.06679 6940.0

19.0 0,0_525 _060,0

Z0.0 0,0H572 _790.0

21.0 0.0_6Z0 _710,0

Zg.O 0,0k668 _GWC.O

23.0 0,0_718 _570,0

2_.0 0.0_769 _510.0

25.0 0,0_82I _440.0

2_.0 0.0_873 _300.0

28.0 0.0_81 _210.0

30.0 0.05092 _160.0

32.0 0,05206 _70.0

3_.0 0.05323 3990.0

36.0 0,05_3 39Z0.0

38,0 0.05565 3860,0

60.0 0.05690 3810.0

65,0 0,06011 3720,0

50.0 0.063_Z 3670.0

55.0 0,06680 3660,0

6G,0 0.07022 3600.0

65.0 0,07360 3710.0

7_,0 0.07715 3760.0

75.0 0.00064 3820.0

8G-0 0.08_12 3080.0

90,0 0.09109 _030.0

100.0 0.09803 _190.0

125,0 0.1153 _630.0

150.0 0.1326 5090.0

175.0 0,1_93 5560.0

200.0 0.1663 6030,0

225.0 0.1031 6500.0

25_,0 0.2000 6960.0

275.0 0.2168 7_60,0

30C.G 0,2336 7950.0

350.0 0.2672 0920-0

_C0.0 0.3009 9900,0

_50.0 0.33_5 10900,0

500.0 0.3602 11900,0

600.0 0._056 13800.0

700.0 0.5031 15800,0

800.0 0,57_6 17000,0
900.0 0.6382 19000°0

1000,0 0.70_8 21600.0

110_.0 0.7735 23900.0

1200.0 0,6612 25900.0

1300-0 0-9069 27900.0

lkOC,O 0.9767 29900,0

1500.0 1,06_ 31900,0

ISOCHORE INTERNAL ENTHALPY ENTROPY

DERIVATIVE ENERGY
ATMIK J/G J/G J/G-K

12.5 26,63 167.7 I,BEI
11.7 25.52 1_9._ 2.060

11,] 26.39 150.5 2.261

11.2 27,2_ 151.9 2,_00
11.2 28.08 153.2 2.565

11,3 28.91 156.5 2,715

ll,h 29,76 155,9 2,8EI

11.b 32.03 159.3 3.189

11°_ 3_,65 162,q 3,508

11.0 37°04 166.7 3.818

1%°7 39.80 170.7 _.120

11*5 _2.69 17_.8 6._12

11._ 65.11 178.E 6.651

11,3 k7,62 182.6 k.88_
11.2 50o21 186,3 5o110

11,0 52,06 190.6 5.329

10,9 55.57 19_.5 5.561

10.7 58.33 190,8 5,7h7

10.5 51.15 203,1 5,967

10.3 66.00 207.h 6.1_1

10-2 66.89 211.9 6.330

lO,O 69,82 216._ 6,51_

9.78 72.79 ZZO.9 6.693

9,_1 78,81 230,2 7,C37

9.04 8_.5_ 239.7 7,365

8,69 91.17 2_9.6 7,67R

8.35 97.k0 259.3 7.977

0,02 103,9 269,3 8,26_

7.7G 110,3 279*5 8.539

7.60 116,9 289.0 8-80_

6.71 133.h 316,1 9._22

6.11 150,1 3_2.9 9.99

5.59 167.0 370,0 i0.50

5.13 103.9 397,3 10.90

_,7_ 200.8 62_.5 11,62
4,39 217.8 _52,3 11.83

_,Oq 236.7 _79,8 12.21
3.83 251.6 507.3 12.56

3.38 285.2 562.1 13.21
3,03 318,6 616.6 13.78

2.39 _01-2 751.6 1_.99

1.90 N82,T 085*1 15.96

1.69 563._ 1017o0 16.78

1.67 6N3.6 11_9.0 17._8

1-31 723.3 1280.0 18.10
1.10 802,7 1611*_ 18.65

1.07 081,9 15_1.0 19.14
_.580 960.8 1671.0 19.60

0.8_0 1118-0 1931,0 20.60

0.736 1276.0 2190.0 21.09

0,E55 1_32,0 2k_q,o 21,70

0,590 1589.0 2708.B 22.25

0.552 1902.0 3226.0 23.19

O.kZ3 2215,0 37_k,0 23.99

0.370 2528.0 N263,0 2_*68

0.329 28_1.0 kT&l-O 25-29

0,297 3153.0 5299,0 25*8_

0.270 3_66.0 5817.0 2E.33

0.2_7 3778.0 6335.0 26.78

0.229 6091.0 665_.0 27.20

_,212 k_03,0 7372.0 27.50

0,198 k716,0 7891,0 27.9k

CV

2.660

2,535

2.k70

2,k35

2.62_

2._32

2.655

2.531

2.660

2.752

2.867

2.913

2._70

3.031
3.073

3.1_0

3.135

_.158

3,176

3.192

3.205

3.216

3,226

3,2_2

3.255

3.266

3,276

3.285

3.292

3.299

3,313

3.323

3.329

3.332

3,334

3,33_

3,331
3.328

3.320

3.311

3.207

3.266

3o2k0

3,23k

3.222

3,212

3.206
3.1_

3.187

3.179

3,173

3.169

3°162

3,157

3o156

3.151

3,1W9

3.167

3.1_6

3.1_5

3.1_3

3o163

J/G-K

CP

2.967

2.829

2.767

2.767

2.760

2.790

2°857

3,010

3.195

3.376

3.531

3,E50

3.781

3.897

_.0Ol

k.095

W.181

W*2bl

6.335

6.60_

_.531

_,590

_.701

_.802

_.895

_°980

5.056

5.125

5.187

5.311
5,396

5.651

5.k83

5°698

5.502

5.699

5.490

5._65

5.436

5.367

5.315

5,277

5.250
5,231

5.217

5.207

5.200

5.191

5,186

5.1_3

5.181

5,100

5,180

5.181

5,181

5.182

5.183

5.183

5,186

5.186

5.105

VELOCITY

OF SOUNO

HIS

017.8

815,6

81_._

81W.0

814.2

81_,6

815.6

816°5

_16.k

_15.2

813,2

811.1

009-9

808.7

807.3

005,8

806.3

802.8

001,2

799°6

798.0

796.4

79_.9

791.8

788.9

786.3

783.5

781.9

780.2
778.9

777.1

777.3

779,3

782,7

787.3

792.8

790.9

805.6

819.9

_35.2

075.3

915.9

956,2

996.0

103_.0

1072,_

1109,_

116_.0

1213,0

1275,0

13N2.0

1602.0

1516.0

1623.0

1723,0

1818.0

1908.0

lq95*C

2078.0

2158.0

2235,0

2309,0

TWO-PHASE BOUNDARY

_ NUMBERS IN THIS COLUMN HAVE BEEN MULTIPLIEO BY THE INDICATED F_CTOR
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THER_ORHYSICALPROPERTIESDr HELIUM

300.0 AIMOSPHERE ISOBAR

TEMPERATURE DENSIIY V(DH/DVI V(DP/OU) -VIDP/OV) T (OV/DT)/V
p v p

OEG,K G/CC JIG ATM-CC/J ATM t/DEG,K
=e X 100

7,0 ZW.b_ 34W*0 19.2 1W50.0 0.00856

7,5 24,59 3hB.O 18,8 IW50.0 6.00811

8.0 24,_9 349.0 18,7 1_30.0 0.00792

8.5 24.3_ 348,0 18,8 1_10.0 0,0079_

9.0 24,2_ 3_$.0 19.0 1;00.0 0.00800

9,5 24,20 342.0 19.1 1380.0 0.00817

10,0 2_.10 341.0 19,3 1360.0 0.00838

11,g 23.8_ 341,0 19,3 1370,0 0.00882

IZ,O 23,67 349,0 18.9 1790,0 0.00917

13.0 23,_5 359,0 18.3 1750.0 0,0011

L4.0 23.2Z 369.0 17.7 1220.0 0,00957

15.0 23.00 3IF.O 1F.2 1190.0 0,00968

16.0 Z2,78 384.0 16.9 1160,0 G.30985

L7.O 22.55 389,0 16.6 1130.0 0.0100

18.0 22,33 394,0 16.3 1100.0 0.0101

19,0 22.10 399.0 16,1 1070.0 0,0103

20.0 71.87 _03.0 15.9 1050.0 0,010_

21,0 21.65 _06,0 15,7 1020.0 0,0105

22,0 ZL._2 _10.0 15,5 995,0 0,0106

23.0 21,1_ _13,0 15.3 969.0 0.0107

Z_,O 20.97 _16.0 15.1 9_5,0 0.0107

25.0 Z0.7_ _19,0 1k,9 922.0 _,0108

26.0 TO.ST _22*0 1k.0 899,0 0.0109

28.0 20,08 _28.0 lk.$ 857,0 0.0110

30.0 19.6_ _3_.0 1_,1 818.0 0,0111

32,0 19.21 kkl.0 13.8 782.0 0.0111

3_.0 18,7_ _7,0 13,6 750.0 0,0111

36.0 18.37 _54,0 13.3 720.0 0.0111

38.0 17,97 _61.0 13.6 693,0 0.0111

_0.0 17,57 _b9,G tZ.8 669.0 0,0111

_5.0 16,6_ _89.0 12.2 619,0 0.0109

50.0 15.77 511,0 11.7 579.0 0.0106

55.0 lk.97 535.0 11,2 548._ 0.0102

60,0 lko2_ 559.0 10,8 523._ 0.00981

65.0 13.57 50k,0 10,5 50_.0 0.009_1

70.0 12.9_ 610.0 10.2 _87.0 0.00902

75.0 12,_0 836,_ _,90 _73,0 0,0086_

80.0 11,89 662.0 9.67 _62,0 0.00829

90.0 10,93 71_.0 9,27 _3.C 0.00764

100.0 10.20 789,0 8.96 _28,0 0,00707

125*0 8,675 901.0 8,39 _02,0 0.00595

150,0 7,5_5 1030,0 8.02 38_.0 0,00515

1F5,0 6._96 1160,0 7.76 372.0 0.0045k

200.0 6.015 1290,0 7,57 3E3,0 0.00_06

725.0 5._1 1_20._ 7.43 355.0 0.00388

250.0 5,031 1550.0 7.32 3_9,0 0.00337

275.0 _,613 1680.0 Z.23 3_.0 0.00310

300.0 _.281 1810,0 7,16 3_Q.0 0.00288

350,0 3.7_2 Z060.0 7.0_ 33_.0 _o00257

_00,0 3,32_ 7320.0 6.96 329.0 6.0C22_

_50.0 Z.959 2580,G 6.90 3_5.0 0,00201

500.0 2,716 2830.0 6,85 32_.0 0.0_183

600.0 2.295 3350._ 6,78 318.0 0,00155
700.0 1,988 3880,0 6.73 315.0 _.0013_

800.0 1,752 _380.0 b,_O 313,0 C,00118

9_0.0 1.50F _890,G 6,67 311,0 0._0106

1000.0 1._17 5_10,0 6.65 3_9.0 &,0C0958

1100,0 1,293 5920.0 6.63 3t8.0 0,000875

1200,0 1.189 6kkO,_ 6.62 3L7.0 C.000805

1300,0 1,100 6960.5 6,61 3¢7,_ E.0007_5

1_00.0 1,0_ 7_0,0 6.60 306.0 0._0069k

1500.0 0.957k 7990,0 6.59 3_5.0 0.0006_9

• TNO'PHASE BOUNDARY

"" NUMBERS IN TITS COLUMN HAVE BEEN MULTIPLIED BY THE INDICATED FACTOR
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THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL
CONDUCTIVITY DIFFUSIVITY CONSTANT NUMBER

MH/CM-K G/CM-S SO'CM/S

_ X 1000000

0.868 573.0 0.00119 1,09399 1.95

0.900 _98.0 0,00129 1.09359 1.57

0*929 _40.0 0.D0137 1.09321 1,31

0.954 39_.0 0,001_2 1.09Z83 1.13

0,977 357,0 0.00146 1.092k5 1.01

1.0_ 326,0 0,001_7 1.09207 0.915

1,01 300.0 b,0_1_7 1.09168 0,8_5

1,04 259.0 0.001k_ 1.09085 0.750

1.06 228.0 O.OOIkO 1.09000 0.691

1.07 205,G 0.00135 1.08913 0.650

1.07 188,0 0.00131 1,08827 0.617

1,08 17_,0 0.00128 1,087ql 0.589

1.08 163,_ 0.0G125 1.08653 0,571
1.08 15_.0 0,00123 1.08566 0.556

1.08 1_7.0 C.80121 1.08_78 D,S_5

1.07 1_1.0 0.00119 1,08389 0,536

1,07 135,0 _.0_117 1.08301 0.530

1.06 131.0 0.00115 1.08213 0.525

1.06 128.0 0.0011_ 1.0812_ 0.522
1.05 125.0 0.0_113 1,08037 0.520

1.05 122,0 _.00112 1,079_9 0.520

1,Ok 120,0 0*00111 1,07862 0,520

1.0k 118,0 C.00110 1.07775 0.521

1,03 115.0 0.00109 1.07603 0.525

1.02 113,G 0._6108 1.07_3k 0,531

1.01 111,0 0.00107 1.07267 0.539

1.00 110.0 0.00107 1.0710_ 0.5_7
0,993 109,0 0.00107 1.069_ 0.555

0.987 109.0 0.001fi7 1.06788 0.56_

0,982 108,0 0.001_8 1._6636 0.572

_.973 108,0 _,0_118 1.C_276 0,592

0.968 109.0 0.0011W 1.75942 0.609
0.968 110.0 0.00119 1,05637 0,622

0,972 112,0 0.0012_ 1,05357 0,632
0.978 11_.0 0.00131 1.05102 0.639

_.987 116.0 0,00138 1.0_8_9 0.6_5

1,00 118,0 0.0_I_6 1.0_656 0.6W9

1,01 120.0 0.V0155 1.0_k60 0.651

1,0_ 12_.C _.00173 1.04115 0.65_

1.07 1_8,0 B.0_192 1.03820 0.65_

1,15 137,0 O.UO2_& 1,032_3 0,64_

1,23 1_8.0 d. OO3&7 1.02821 0.6_1

1,31 159.0 0.00372 1,02_97 0.639
1._Q 170,0 ;.00_2 1,022_2 0.638

1.k7 180.0 0.00510 1,0203_ 0.637

1,55 189._ O._Eg_ 1.Q1862 0,637

1.62 199,0 G.00676 1.01716 0,638

1.70 208.0 _.057_2 1.01592 0.639

1.8S 229.0 0.00952 1.01391 0.64_

2._E 250,0 _.2112 1,01235 0.648

2,15 270.0 _.G139 1.01110 0.051

2,3_ 289.0 0.6163 1.01008 G,653

2,58 327.0 0._217 1.00852 0.656

2.86 363.0 0.0278 1.00737 0,658

3.13 398.0 0,03_5 1.0_650 0.659

3,39 k3Z,O 0.0_17 1.00581 0.660

3,64 _65,0 0.0_96 1.00525 0.661

3.89 _97.0 0.0581 1,00479 0.661

W.%3 528,0 Q,0671 1.C3_1 0.6EZ

k,37 558.0 C._766 1,00_08 0,562

_.60 588.0 d,_867 1.0_379 0.662

_.83 618,_ 0.0973 1.30355 0,663



_00o0 ATMOSPHERE ISOBAR

THERMODYNAMIC PROPERTIES OF HELIUM 4

TEMPERATURE VOLUME ISOIHERM I$OCHORE INTERNAL ENTMALPY ENTROPY

CClG OERIVATIVE DERIVATIVE ENERGY

DEGo K _e X ,01 CC-ATMIG ATH/K JIG JIG J/G-K

8*0 0.03841 ZZIO.0 IZ.5 32.53 l_e.3 1.948

8,5 g.03855 2170,0 12. Z 33,37 189.E ?.117

9,0 0.03868 TIZO,0 12,1 3_.IE 190-9 2.271

9,$ B.03BBI ZO?B,O 12.1 34.92 192.? 2.414

10.0 0.0389¢ 70Z0*0 12.3 35,46 193.5 2.550

11,0 0.03_Z2 6900.0 12,9 37.71 196,7 ?.8_9

IZ.B 0,03952 6810-0 13-2 39.90 ?00,1 ?.16D

13,0 0*03983 6750.0 13._ 42.28 203.7 3.458

l_,B B,O_Ol$ 6660-0 13.3 4_.87 207.E 3.752

15.0 O.OkO_? 6590,0 13.2 47,6Z 211.7 k.03T

16.0 0.0_081 b$1B,O 13.1 49.85 Z15-2 4.268

17.B O.Ok11N 6_40.0 13.0 52.17 218.9 _,492

18,0 0,0_149 63TO,O 12.9 9_.57 222.7 4,T09

19,0 0,0_184 6290,0 12.7 $?,05 226,_ _.920

20,0 0.04220 6220-0 12.6 59.59 230.6 5.124

21,0 0.0k256 6150,0 12.4 62.18 23_.7 5._23

22,0 0.0k293 6080.0 12.3 6_,83 238.8 _,515

ZS.B 0.04330 6010-0 12*1 67.52 243,C 5.702

2_,0 0,04368 59_0.0 11.9 70,25 E47.3 5._84

2_,0 O.OkWO? 5870.0 11,7 _3,0_ 251._ F.Q61

2_,0 @.Okkk_ 5810-0 11-5 ?5.03 256.0 6-233

26.0 0.04525 5660.0 11.2 61,55 265.0 6.56_

30.0 O,0460T 5560,0 10,8 82.38 Z7_.1 _.879
32,0 0.04690 5450,0 10.4 93.33 283._ ?.180

34.0 O.O_TT5 5350-0 10.1 99.37 292.9 7._68

36.0 O*O_862 5260,0 9,75 105.5 302.6 7.74_

36,0 0,0_9_1 5170,0 9,43 111.7 312-q 8.009

kO.O 0.05041 5090.0 9,11 118.0 322,3 8.264

kS,O 0.05273 W930.0 8.37 13_,0 3_7,7 8.862

50,0 0.05512 4620,0 7.71 150.3 373.7 9.410

55,0 O,OSZSB k?40.O 7,11 166.9 40D.3 9.91E

60.0 0,06009 _TO0.O 6,58 103.6 4?7.1 10,38

65.0 0.06263 4690,0 6.11 ZO0._ _54.2 LC.BZ

70.0 0.06520 _700.0 5-69 21?-3 _81.5 11.??
ZS,O O.Ob?TB NT20.O 5,32 234.2 508.9 ll.bO

80,0 0,01032 4?60.0 +,99 251*% 536,3 11.95

90.0 0*0T556 4870,0 _.43 284*B 591,] $2,60

100-0 o.oeo?6 5000,0 3.92 318.9 6k5.8 _3,1_

1ZS.O 0,0936? 5380.0 3.15 401.8 Z81._ 1_,39

1_0*0 0.1065 5810.0 2,61 484.1 919,_ 15._E

275.0 0.1192 6250-0 2.23 555.5 1_0.0 16.18

200.0 0,1318 5_00.0 1.95 646,3 1100.C LE.09

225.0 0,1_ 7160.0 1,73 726.5 1312,0 17,51

250.0 0.1570 7620,0 1.55 806,4 14_3._ L8.06

275.0 0,1695 8090.0 1,_1 885.9 IS_3.O 18.56

300.0 0.1620 8550.0 1,29 965,2 1_03._ 19.01

350.0 0.20_1 9500.0 1,11 1123.C 1963._ 1q,51

400,0 O,ZSZ2 10500.0 0.9?4 1281.0 2222.0 Z0,50

450,0 0.2573 11_00.0 0,067 1438.0 2481.D 2_,11

500.0 0,Z824 12400.0 0.281 1595.0 2740._ 21.6E

600.0 0.33?8 1_300.0 0.652 1909.0 3258._ 22.60

700.0 0.3832 16300-0 0-560 Z_ZZ.O 3_?5.C 22._0

808,0 8,4336 18300,0 0._91 253S.0 4_93.C 2_,Oq

900.0 0,_8_1 ZO300.O 0._37 28_8.0 k011,_ _,70

1000.0 0*534? 22300,0 0,39_ 31_1*0 5328-0 25.25

1100,0 0.5853 Z_300.B 0*358 3_4*0 5056._ _5._

1Z00*0 0.6559 Z6300.0 0*329 3782,0 _364._ 2E.19

1300,0 0.6866 28300.0 0.30_ 4100.0 6002,0 20.60

1_00.0 0.7372 30300.0 0-282 4412.0 7_0o.o _6.99

1500.0 0.78?9 32300.0 0.263 4725,0 7918.0 97.35

+ TWO-PHASE BOUNDARY

_ NUHBERS IN THIS GOLUMN NAVE BEEN MULTIPLIED BY THE INDICATED FECTDR
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CV

?,59_

?,W63

2.3_?

2.329

TomB?

2,b_2

?.765

2,92_

?.98_

3.03_

3.075

3,10_

3,13T

3.L6_

3.1_9

3,E_F

3,211

3.223

3.?_5

3,26 _
3,2?9

3.?q2
3.30_

3,316

3.32_

3-_62

3.373

3.38_

3,38_

?,38E

3. 38_

3.377

3.316

_._9_

3,275

3.2_7

3,236

3,2?7

3.213

3.2_?

3.19_

3.1_7

3,17_

_,171

3,1_7

3-16_

_.15fi

3,156

3,15_

3,157

3.152

J/3-K

CP

?.85_

?,?27

?-EE%

2.F;3

2,EE2

2.793

2.aq?

3.198

3.37_

3.5C3

3.63_

3.750
3.B53

4.C29

_.105

_.2_1

4.3&2

4.416

4.520

W. F16
_.705

4.788

_.8E6

_.938

5,C_4

5.259

5.24_

5._2

5._66

5,;79

5,_76

5.557

5,305

5.339

5._q6

5.26_

5,2W1

5.223

5.211

5,201

5,1_9

5.1_3

5,%?9

5.177

5.176

5.176

5,177

5.17_

5,178

5,_9

5,180

5.181

5.181

5,182

VELOCITY

OF SOUNC

w/S

_96.8
e96.7

_97,E

_99.?

9CI.7

505-5

908,C

RC_,5

_06.1

9_5.9

9C5,F
9_5,C

9C4._

g03.2

9E?,9

_0?.C

901.0

900.0

898,9

892,8

895._

890.4

_81.9

_83,?

_81._

_76,7

873.9

072.5

e72.7

82_.1

878.6

880.0

09_.2

9[5,8

038.4

973.3

10C9,_

10_4.0

1280.0

111W.C

1148.0

118?,0

1_10.0

1370.0

1539.0

16_?,0

17_0.0

20C8.C
2069.0

2tEB.O

??WW.C

2118.0



kO0.O ATMOSPHERE ISOB&R

THERNOPMYSICAL PROPERTIES OF HELIUM

TENPER&TURE DENSITY VEOHIDV) V(DP/OU) -V(DP/DV) T (OVtOT)/Vp v p

DEG. K GICC Jl_ ATH-CC/J ATM I/DEG.K

• o X 100

8.0 26.02 _26,0 18.6 1880.0 0,30667

8.5 25.9k 417.0 19.0 1860.0 Q.O065k

9.0 25.85 _06.0 19.6 18_0.0 0.00655

9,5 2S.77 395.0 20.1 1820.0 0.00667

10,0 25.68 ]89.0 Z0.6 1800.0 0,0068k

11.0 25.50 382.0 ZI.Z 1760.0 0.00731

12.0 25,31 390,0 20.9 1120.0 0.00768

13.0 25.11 _Ok.O 20.2 1690.0 0.00702

1_.0 Zk.gl _ZO.O 19._ 1660.0 O,OOBO+

15,0 2k.71 _$3.0 18,7 1630.0 0._0810

16,0 IN.51 4N3.0 18,3 lb00.0 G.J0821

1T.i 2k.31 MS1.0 17.9 1570.0 0.00831
18.0 2k.10 459.0 17.6 1030.0 0.00840

19.0 23.90 _66.0 17.3 1500.0 O.O08_T

20.0 23.70 472.0 17,1 1_70.0 _.0085+

Z1*0 23.50 477.0 16.9 1400,0 0.00860

22.0 23.2] _82.0 16.7 I+ZO.Q J.00066

23,0 23.09 _67.0 16.5 1390.0 0.00871
2_.0 ZZ,8_ NB2.O 16.3 1360.0 0._0075

25,0 Z2o69 _96,0 16.1 1330.0 0.00879

26.0 22.W9 500.0 15.9 1310.0 0.00883

20.0 ZZ.IO 508.0 15.6 1260.0 0.00889

30.0 21.71 516.0 15.2 1210.0 0.0009_
32.0 21.32 520.0 14.9 1160.0 0.00098

3_.0 20.9+ 532.0 1N.6 1120.0 0.00901

36.0 ZO,S7 539.0 14.+ 1080.0 0.00902

38.0 20.Z0 SkT.0 1N.1 10_0,0 0,00903

kO.B 19.80 555._ 13.8 101_.Q _.Jb902

kS.0 10.97 575.0 13.2 935.0 0.00895

$0.0 16.10 SBT,_ 12.6 874.0 3,00802

55.0 17.37 619.0 12.1 824.0 0.00863

60.| 16.60 6b3.0 11.7 _83,0 0._0801

65.0 1S.9_ 667.0 11,3 7_9,0 0.0_816

PO.O 1_.3_ 692._ 11,0 721,0 0,00790

75.0 1_.75 118.| 10.7 697.0 0.00764

80.0 16.21 7k_.0 IO,N 677.G 0.00738

gO.O 13,23 796.0 9.91 bNW.O 0.00688

100,0 12.38 B_O.O 9.53 619.0 3.006+2

125,0 10.68 963.0 8.8+ 575.b 0._0509

150.0 9.393 1120.0 8.39 5_6.0 G.00_79

175.0 8.372 1250.0 8.07 520.0 0.d0_25

200,0 7.588 1380.0 F.83 5_8.0 0.00383

ZZS,O 6.926 1500.D 7.65 09_.0 0._340
250.0 6,371 1630,0 _.51 +85.0 0.00320

ZTS+O 5.900 1760,_ 7,40 +77.0 0.00296

300.0 5.kg$ 1890.0 7,30 +70.0 0._0276

350,0 k.B2B 21k0.0 7,16 +59.0 O.ObZ4Z

400+0 k*306 2400.0 7.06 050.0 0.00216

450.0 3.886 2650.0 6.98 +_4._ 0.00195

500.0 3.5+0 zgto.+ 6.92 +39.0 0.00178

600.0 3.005 3k20.0 6.83 031.G 0.00151

700.0 2.610 3930.0 6.77 +26.0 C.00132

800.0 2.306 k+50,0 6.73 _22,0 Q._0116

900.0 2.065 k960.0 6.69 _19.0 0.00104

1000,0 1.810 5+10.9 6.66 _16.0 0.0009+6

1100.0 1.T|B 5090,0 6.64 +lk.O 0.000865

1200.0 1,575 6510.0 6,62 N13,0 0.000796

1300.0 1._T 7020,0 6.61 _12.0 0._0_738

lbO0.O 1.356 75_0,0 6.60 410.0 _.030687

1500.0 1.2S9 8050.0 6.59 019.0 0.0006_3

THERMAL VISCOSITY TMERHAL DIELECTRIC

CONDUCTIVITY OIFFUSIVITY CONSTANT

MW/CM-K G/CM-S SQ-CM/S

"_ X 1000000

1.09 779.G _.001_7 1.099_3

1.12 679.C a.0_159 1.O9889

1.15 599.0 0.00167 1.09056

1.17 535._ 0.00172 1.09823

1.19 _83.0 0.00170 1.09F89

1.22 _01.0 0.0J172 1,09717

1.2+ 3_3.0 0._16+ 1._96_I

1.26 300.0 J.0_156 1.09563

1.26 267.0 0.00150 1.09485

1.27 2k2._ 0._0146 1.09_07

1.27 222.0 U.001_Z 1.093_8

1.20 206.0 0.00139 1,092k9

1.26 193.0 0.GC136 1.09170

1.25 102.0 0.00133 1.09091

1.25 170.0 0.00131 1.09312

1.2+ 166.0 0.00129 i.G8933

1.23 160.0 0.0_127 1.tOeS+

1.Z3 155.0 o,001_0 1.08775

1.ZZ 150.0 _.0_12_ 1,0_697

1.21 106.0 0.0G123 1.08619

1._1 1_3.0 0.001_1 1.0_502

1.19 137.0 0._119 1.08388

1.18 133.0 0.00118 1.08236

1.17 130.0 0.00116 1.08086

1.16 128.0 6.00115 1.07938

1.15 126.0 0.00115 1.07793

1.14 125.0 0.00110 1.07650

1.13 124.0 _.0011+ 1.07511

1.12 122.0 0.00114 1.07173
1,11 122.0 ].00116 1.06855

1.10 122.0 _.06119 1.05557

1.10 123.0 J.OJ1Z_ 1.0_278
1.10 12_.0 0.00127 1._6018

1.11 126.0 O.OGl]2 1.05777
1.11 127.0 _.0013B 1.0555_

I.tZ 129.0 _.001_+ 1.05306

1.1_ 133.0 0.0_15_ 1.;_973

1.17 136.0 0.00173 1.046+_

1.2+ 105.0 G._0215 1.0+000

1.31 155.0 0.06262 1.0351_

1°39 165.0 0.0u313 1.03136

1.46 17+.G _._367 1.02833

1.5+ 18+.0 0.00_2+ I.J258+

1.61 193.0 0.00_83 1.02376

1.68 2_2.0 0.005_5 1,0_19_
1.70 211.0 0.0061_ 1.020_6

1.89 232.0 J.03755 1._1797

2.00 252.0 _._391] 1.01602

_.18 ZTZ.Q 0.01_8 1.01+W5

2.33 291,0 3._127 1.C1316

2.61 329,0 0.01_8 1.01116

2.88 360.0 3.0213 1.0)969

3.15 399.G _.026W 1._3856

3,66 _b6.0 0.0378 1._369_

3.91 _97.0 Q.0_1 1.0J634

_.15 529.0 _._5_9 1.305_3
4,38 559,0 0._581 1._35+0

+.61 509,0 J.G6_6 I._J503

+.B+ 618.0 ].0736 1.0]_70

PRANCTL

NUMBER

2.03

1.65

1.39

1.21

1.08

0.917

0.826

0.763

0.71_

0.669

0.637

0,612

0.591

0.570

0.560

0.5_9

0.501

0.53+

0.529

0.525

0.523

0.520

0.521

0.52_

0.5_8

0.03+

0.5+0

O.Sk7

0.563

0.579

0.593

0.605

0.614

0.622

0.627

0.631

0.636

0.639

0.631

0.629

0.62B

0.62?

0.626

0.627

0.628

0.6_9
0,636

0.641

0.6+5

0.6+8

0.652

0.655

0.657

0.658

0.609

0.660

0.660
0.661

0.661
0.662

" TWO-PHASE BOUNDARY

• e NUMBERS IN THIS COLUMN HAVE BEEN MULTIPLIEO BY THE INDICATED FACTOR
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500.0ATMOSPHEREISOBAR

THERNOOYNAMIC PROPERTIES OF HELIUM

TEHPERATURE VOLUME ISOTNERN ISOCHORE INTERNAL [NTH_LPY

CC/G OERIVATIVE OERIVATZVE ENERGY

DEG. K _ X .01 CG'&TM/G ATN/K J/G J/G

9.5 0,0369_ 8330.0 12.7 _1.13 278-3

10.0 0.03?05 8Z70,0 13.0 _1.80 Z29.5

11.0 0.03727 8160.0 13.9 _3.62 732.5

12.0 0.03752 0070.0 lk.S k5.97 235.7

13,0 0.03778 8010.0 1k.8 _?-75 239-2

14,0 0.03805 7950.0 1_,9 50.18 2q3.0

15.0 0.03833 7890.0 14.7 5Z.82 247°0

16,0 0.03860 7820,0 14,7 5_,89 250.5

17-0 0.03889 7750.0 14.6 57.06 254,1

10.0 0.03917 7680.0 1_,4 59.32 257.8

19.0 0,039_6 7620.0 1_.3 61.66 261.6

20.0 0,03976 7550.0 11.2 64.09 2GS.B

21,D 0o0_005 7480.0 14,0 66*52 269.4

22.0 0.0_036 7110.0 13,8 69.03 273,5

23.0 0,0_066 7350.0 13.E 71.60 277.E

24.0 0,04097 7780.0 13.5 74.21 281.8

25,0 0,04128 2210.0 13.3 76.06 286.0

26,0 0.04160 7150,0 13,1 79.5_ 790.3

28.0 0.0472_ 7020.0 17,7 85.03 299.0

30-0 0.0_289 6900-0 1B.3 90-63 307.9

32.0 0.0_355 6780.0 12,0 96.36 317.C

34.0 0.0_23 6670.0 1146 102.2 326.3

36.0 0.04491 6560.0 11.3 108.1 335.7

38-0 0.04561 6460=0 10.9 114.1 345.2

_0.0 0,0_63Z 6370,0 10,6 120.2 35_.9

45.0 0.04013 0160.0 9.81 13548 379.7

50.0 0.05000 6000.0 9.10 151.8 405.1

55.0 0.05193 5820.0 8,46 168.0 431.1

60.0 0,05389 5780,0 7.88 18k,5 457,5

65,0 0.05588 5720,0 7436 201.2 48_.3

70.0 0.05790 5690.0 6.88 217.9 511.2

75.0 0.06994 5670.0 6.46 234.7 538.k

80.0 0.06199 5680.0 6.08 251,6 565.7

90.0 0.06611 0730.0 5.42 285. W 020.3

10_-0 0.07_25 5820.0 _.88 _19.2 675.1

120._ 0.38056 6140.0 3.89 _03.0 811.1

150.0 0.09078 6530.0 3,23 _85.9 9_5.8

175.0 0.1339 69_0-0 2.76 568.0 1079.0

200.0 0,1110 7370.Q ?._1 6_9.3 1212.0

225.0 0.1210 7310.0 2.1_ 730.0 13_3.0

250.0 0,1310 0260.0 1,92 810.3 1_74.0

275,0 0.1_10 8710-0 1,75 890,2 1605.0
3_0.0 0.1510 9160.0 1.60 969.9 1735.0

350.0 0.1710 10100.0 1.38 1129.0 1995.0

_0_._ 0.19J9 11000.0 1.21 1287.0 225_.0

_5C.Q 0.2109 12000.0 1.08 1_.0 2513.0

500.0 C.2309 12900.0 0,969 1602.0 2771,0

6C0.0 0.2710 1_800,0 0.81_ 1916,0 3288._

700.0 0.3111 16800.0 0.697 2229.0 3806-0

830.0 0.3513 18700.0 C.611 2643.0 _723.0
goG.o 0.3916 20700.0 0.54_ 2856.0 W8_0.0

10;C.0 0._519 22700,0 0._90 3169.0 5367.0

1100.0 0._723 2_?00-0 _-_E 3402.0 5875.0

_Z_.O 0.5126 26600,0 G._C9 3795.0 6T93.0
1300.0 0,5531 78600.0 0.378 _108.0 6910.0

140[.0 0.5935 30600.0 0.361 k_21-0 7_28,0

1900.0 0.6339 32600,0 0,328 k734.0 7946._

ENTROPY

J/G-K

2.177

2.306

2.59_

2.878

3.165

3,_52

3.735

3.959

4.177

k.389

4,595

4.794

4.988

5.176

5.359

5.536

5.709

5.877

E.200

6.508

6.801

7.001

7-370

7.608
7.857

8,976

9._71

9.931

10.36

10,76

11.13

12.13

12.71

13.9Z

1;.90

15.73

16,43

17.05

17.61

18.10

18._6

19.3_

20.05

ZC.66

21.20

22,15

22.94

27.63

24,?_

2_.79

25.28

25.73

26.15

26-53

Cv

J/G-K

2.269

2.214

2.238

2.371

2.538

2.688
2.792

2.874

2.943

2.999

3,0h6

3.084

3.117

3,167

3.187

3.20_

3.219
3.2_6

3.268

3.287

3.395

3.320

3.33_

3.3_7

3.375

3.396

3.W12

3._23

3.431

3._35

3._36

3.436

3.431

3.q27

3.39_

3.365

3.339

3.316
3.298

3.282

3.269
3.257

3.239

3.225

3.215

3.207

3.19_

3.186

3.180
3.176

3.171

3.168

3.166

3.16_

3.162

3.161

CP

2.525

2.497

2._03

2.818

3.056

3.260

3.405

3.538

3.655

3.759

3,851

3.93_

_.G10

_.078

_.1_2
_,202

_.258

_.311

_._10

_.501

_.586

4.E66

_.741

_,812

W.878

5-025

5.1q6

6.2_3

5.319

_.376

S.416

5,_61

6.473

5,_66

5.616
5.3E0

5.31_

5.277

5.250

5.230

5.214

5.203

5.18_

5.180

5.176

9,172

5.171

5.171

5.172

5.17_

5.175

5.]76

5,177

5.178

5.179

5.179

VELOCITY

OF SOUND

MIS

469.3

972.k

980.5

985,9

988.1

988.1

987.3

9_7.E

987.7

987.8

987.7

987.6

987._

987.0

986,6

986.1

989.4

984.7

083.0

981.1

979.0

_76.7

974.4

972.0

969.6

_6W.2

959.6

056.1

953.9

_2.9

953.1

954.2

956.2

962-3
970.6

997.0

1027.0

1058.0

1090.0

1122.0

1155-0

1186.0

1218.0

1279.0

1339-0

1397.C

1_53.0

1560.0

1661.0

1757.0

1848.0

1936.0

2020.0

2101.0

2178.0

2254.0
2327.0

• TWO-PHaSE 80UNOARY

_ NUMBERS IN THIS COLUMN HAVE BEEN MULTIPLIED BY THE INDICATED F_CTO_
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T_ERHOPHYSICAL PROPERTIES OF HELIUM

500,0 ATMOSPHERE ISOBAR

TEMPERATURE DEMSIIY VIOHI DV)p V{DPIOUI v -V (OPIDV| T (OVIDT} /VP

OEG, K GICC JIG ATM-CC/J ATM I/DEG,K

"_ X 100

9.5 27.01 NNl.O 20.8 2260.0 0.00565

10.0 26.99 430.0 21.7 2230.0 0.00501

11.0 26.03 411.0 23.1 2193.0 0.00633

12.0 26.65 418.0 23.0 2150,0 0,00674

13.0 26.4? N36.0 22.1 2120.0 O.QO?OO

14.0 26.20 _58.0 21.1 2090,0 O.O0?lZ

15.0 26.09 4?6.0 70,Z 2d60.0 0.U0715

16.1 25.90 _89.0 19,7 2030.0 0.00723

12.0 25.72 500.0 19,2 1990.0 0,00730

18.0 25.93 511.0 18.9 1960,0 0.00736

19.0 25.3W 920.0 10,5 1930.Q O,OOTN1

20,0 25.15 528.0 18.2 1900.0 0.007W5

21o0 24.97 535.0 18.0 1870,C B.OOTN9

Z2.B 24.78 542.0 17.7 10N0,0 _.QO?SZ

Z3.0 Z4.59 549.0 17.5 1810.0 0.00755

24.D 24.N1 505.0 12,3 1780.0 5.00752

Z5.O 2N.2_ 561.0 1T.1 1750,0 0.00759

26.0 24.06 566.0 16.9 1T20,0 0.00761

28.0 23.68 977.0 16,5 1660.0 0.00764

30.0 23,32 58F.0 16,2 1610,C 3.00767

32.0 22.96 59?.0 15.9 1560.0 0.00769

3_,0 22.61 606,0 15.5 1510.0 0.00770

36.0 22.27 615.0 19,2 1460.5 0.00770

30.0 21.92 624.0 14,9 1420.0 0.00771

bO.O 21.5) 633.0 14.7 1370.0 0.00770

45.0 20,78 656.0 14,0 1ZBO,O 0.00?66

50,0 20,00 6FB,O 13.4 1200.0 0°00759

55.0 19.25 701,0 12,9 1130.0 0.00748

00.0 18,56 72N,0 12o4 1070.0 0.00734

65.0 17.90 748.0 12,0 1020.0 0.00718

70.0 17.27 723.0 11.6 982,0 0.00701

75.0 16.60 798.0 11,3 9_7.0 0.00682

80.0 16.13 823,0 11,0 916.0 0.00663

90.0 15.13 675.0 10.4 867.0 _.UO6Z5

100.0 14.24 929.0 10.0 829,0 0*00589

129.0 12.41 1060.0 9.23 763.0 0.00510

150,0 11.02 1200,0 8.70 719.0 0,00_48

175.0 9,900 1330.0 8.33 688.0 0.00450

200.0 9.010 1460.0 8,05 664,0 0.00362

225.0 3,213 1590.0 ?.6_ 645.0 0.00331

290.0 7.632 1210.0 7.68 630,0 0.00305

275.0 7.091 16_0,0 7.54 617.0 0.00283

300.0 5,622 1970.0 7.4; 607,0 0.00264

350.0 5,8_9 2220,0 7,27 590.0 0.00233

400°0 5,238 2400.0 7,15 5?7.0 0.00209

450.0 4.742 2730.0 7.05 567.0 0.00190

500.0 4,331 Z980.0 6.98 559.6 0.D0173

600,0 3.690 3490.0 6.87 548.0 0.00148

700.0 3.21_ 4000.0 6.00 539.0 0,00129

800.0 2.645 4520.0 6.75 533.0 0.00115

900.0 2.55; 5030.0 6.71 529.0 0.001_3

1000.0 2.315 5540.0 6,68 525.0 0,000934

1100.0 2,11? 6060.0 6.65 522.0 0,000859

1200.0 1.951 6570.0 6.63 520.0 0.000788
13_0.0 1.000 7080.0 6.61 510.0 0.000731

1400.0 1,685 7600.0 6.60 516.0 0,000681

1500.0 1,577 8120.0 6,58 51_,0 0,000638

THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL

CONDUCTIVITY DIFFUSIVITY CONSTANT NUMBER

NW/CM°K G/CM-S SQ-CM/S
"" X 1000000

1.35 853.0 0,00197 1.10334 1.60

1.32 794,0 0.00253 1.10304 1,37

1.41 6_6,0 J.00251 1.10239 1.12

1._3 501.0 0.00190 1.1_120 0,990

1._ 426.0 3.00170 1.10097 C.904

1.45 370.0 0.00169 1.19023 0.834

1.45 3_8.0 0.0C163 1._9950 0.771

1.44 295.0 0.00158 1._9876 0.722

1.44 269.0 0,0_153 1.09B_2 0.683

1.N3 24B.0 0.00149 1,09729 0,651

1.43 231.0 _.001_6 1._9655 0.625

1.42 217.0 0,00143 1.095B1 0.603

1.41 206.0 0.00141 1.09508 0.586

1,4_ 196.0 _.G_138 1.09435 0.571

1.39 188,0 0.00136 1.09362 0.559

1.38 181.0 0,00135 1.09293 0.550
1.37 175.0 0.(0133 1.0921? 0.542

1.36 169.0 0.00131 1,091_6 0.536
1.35 161.0 _.06129 1,09003 0.52B

1.33 155.0 0,00127 1,08863 0.523

1.31 150.0 0.00125 1.90724 0.522

1.30 lk6.0 0.00123 1.08588 0.523

_.29 1_3.0 _.0_122 1.00_53 0.525

1.20 140.0 0.00121 1.08321 0.529

1.27 139.0 0.00120 1.08190 0.533

1,25 136.0 ;.0012& 1.0?8?_ 0,5N6

1.23 134,0 0.00120 1.02573 0.559

1.23 134.0 0.00121 1.0_286 0.072

1.22 134.0 0.00124 1.07016 0.504

1.22 135.0 0,00127 1.06?60 0.59_

1.22 136.0 0.00130 1.06520 0.6D2
1.22 137.0 0.00135 1.0629_ 0.609

1.23 138.0 0.00139 1.060_2 0.614

1.2_ 141.0 0.0015_ 1.056_6 0.6_1

1.26 14_.0 0.01162 1.05355 0.624

1,32 151.0 0.05197 1.0_660 0.619

1.39 160.0 _.00236 1.04129 0.615

1,46 170,0 0.0_27B 1.03709 0.617

1,53 179.0 0.00322 1.03369 0.616

1.60 180.0 0.00369 1.03007 0.616

1.66 196.0 0,00417 1.02850 0.617

1.13 205.0 0.03k67 1.02646 0.610

1,79 213.0 0.0052_ 1.02970 0.619

1,93 234.0 0.00637 1.02180 0.620

2.07 254.0 0.00764 1.01950 0.634

2.22 274.0 O.OOgG3 1.01765 0.639

2.36 293.0 0.0105 1,G1611 0.6k2

2.63 330.0 0.0138 1.01372 0.648

2.90 366.0 0,0175 1.0119_ 0.651

3.17 N_O.O 0.0215 1.0105? 0.654

3.42 434.0 0.0259 1.0_948 0.656

3.67 467,0 _.0307 1.00859 0.657

3,92 N98.0 0.0358 1.00786 0,658

4.16 529.0 _.0_12 1.Q0724 0,659

4,39 560.0 3.0_69 1.00671 0.660

4.62 590.0 0.0930 1.00625 0.660

_.85 619.0 0.059N 1.0_585 0.661

T WO-PNASE BOUNOAqY

*" NUMBERS IN TNIS _OLUMN HAVE BEEN MULTI BLIEO BY THE INDICATED FACTOR
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THERMODYNAMICPROPERTIESOF HELIUM

600°0 ATNOSPHERE ISOBAR

TEMPERATURE VOLUME ISOTHERM

CC/G OERIVATIVE

DEG. K +e X °01 CC°ATN/G

11.0 0.03575 9340.0

12.0 0.03596 9260.0

13,0 0.03619 9210.0

14.0 0,036_3 9170.0

15.0 0.03667 9130,0

16.0 0.03691 5060.0

17.0 0.00716 9000-0
10.0 0,03T_1 8930,0

19.0 0.03?66 0860.0

20.0 0.03791 8600.0

21,0 0.038LT 0T30.0

ZZ.O 0.0384Z 8670.0

23.0 0.0386_ 8600.0

24,0 0.03895 85_0.0

25.0 0.03922 8480.0

26.0 0.039_8 0410,0

20,0 0.04002 6290,0

30.0 0.04057 8170.0

32.0 0.0_113 8050.0

36.0 0.04110 7930,0

36.0 0.04227 7820.0

36.0 0.0W285 7720.0

60.0 0.0_343 7610+0

45.0 0.0_493 7380.0

50.0 0.0_6_7 7180.0

55-0 0*0_804 7020.0

60.0 0.06965 6880.0

65.0 0.05220 6780.0

70.0 0.05294 8r10.0

75.0 0.05W61 6660.0

00.0 0.05630 6630.0

90.0 0.05971 6620.0

100.0 0+08313 8660.0

125.0 0.07169 6910,0

150.0 0.08020 ?250.0

175.0 0.00864 76_0.0

200.0 0.09701 8060.0

225.0 0.1053 8_60.0

250°0 0.1137 8890,0

275.0 0.1259 9330.0

300.0 0.1302 9770,0

350.0 0,1_68 10700.0

k00.0 0.1633 11600.0

_50.0 0.1799 12500.0

500-0 0.1965 13600.0

600.0 0.2297 1530C.0

700.0 0.2630 $7200.0

800.0 0.2964 19200.0

906.0 0.3290 21100.0

100C.0 0.3633 23100.0

1100.0 0,3960 25000.0

1200.0 0._30_ 27000.0

1300.0 0.6660 29000.0

1_00.Q 0._976 31000.0

1500-0 0.5312 32900.0

I50CHCRE INTERNAL ENTHALPY ENTROPY CV

0ERIVATIVE ENERGY

ATM/K JIG JIG J/G-K

14.0 69,66 267.0 2.373 2.055

15.6 51.37 270.0 2.6_0 2.260

16.2 53.3_ 273.4 2.915 2.637

16,3 55.60 277.1 3,196 2.618

16.2 58.12 281.1 3.476 2.7_6

16.1 60.06 20_.5 3.696 2.036

16.0 62.11 208-0 3.910 2.908

15.9 6_.2_ 291.6 4.118 2.969

15.0 66.66 295.6 6.320 3.021

15.6 68,75 299.2 4.516 3.063

15._ 71,10 303.1 4.?07 3.099

15.3 73.50 307.1 4,892 3,130

15,1 75.96 311.2 T.072 3.156

14.9 78._7 315.3 5.267 3.170

14.7 81.02 319.6 5._17 3.198

16.5 83.61 323,8 5.582 3.216

1_.1 88,90 332.2 5.900 3.247

13.7 96.33 361,0 6.203 3.273

13.3 99.9 369.5 6._91 3.295

13,0 105.5 359.0 6.767 3.316

12.6 111.3 368.3 7.031 3.336

12.3 117.2 377.7 7.285 3.351

11.9 123.1 387-2 ?.529 3.367

11.1 138.3 411.5 8.102 3._00

10.4 156.0 436.5 8.629 3._27

9.67 170.0 462.1 9.116 3.6_7

9.05 106-3 488.1 9-569 3.+62
8._9 202.7 51_.5 9.99 3.473

7.57 219._ 541.2 10.39 3._00

7.51 236.1 568.1 10o76 3.68_

?.00 252.9 595.2 11.11 3+_85

6,35 286.7 6_9.7 t1.75 3._82

5.73 320.5 70_.3 12.33 3._74

_.59 606.7 840.6 13.56 3,_66

3.82 688.2 975.8 14.53 3._12
3.Z? 570.8 1110.0 15.35 3.303

2.86 652.6 1242.0 16.0_ 3.358

Z.5_ 733.8 1376.0 16.68 3.336

2.28 816.5 1505.0 17.26 3.317

2.08 896.8 1636.0 17.73 3.301

1,91 976.8 1766.0 18.19 3.288

1.66 1136.0 2026.0 18.99 3.266

1.46 1292°0 2285.0 19.60 3.2_9

1.28 1_50,0 75_6.0 20.29 3.236

1-15 1608.0 2002.0 20.83 3.226

0.566 1923.0 3319.0 21.70 3.211

0.031 2237.0 3836.0 22.57 3.201

0.729 2550.0 6352.0 23.26 3.193

0.669 2866.0 4869.0 23.07 3.187

0.586 3170.0 5386.0 26.62 3.183

0,533 3_91.0 5903.0 26.91 3.179

0.685 350_-0 6621.0 25.36 3.176

0.k52 6117.0 6938.0 25.77 3.17_

0.620 6431.0 7656.0 26.18 3.172

0.393 6746.0 7973.0 26.51 3.1_C

J/G-K

CP

2.420

2.653

2.926

3.164
3.331

3.4E7

3.587

3.693

3.787

3.871

3.546

_.015

4.078

_.137

_.192
k.263

_.339

_.428

4.510

6._07

_.655

_.727

6,752

k.936

5.060

5.162

5.266

5.312

5.366

5.602

5.630

5.659

5.666

5.632

5.379

5.331

5.291

5.260

5.23?

5.219

5.205

5.187

5.177

5.171

5.168

5.166

5*167

5.168

5.169

5.171

5.172

5.176

5.175

5,176

5.177

VELOCITY

OF SOUND

M/S

10_5°0

1054.0

1058.0

1060.0
1059.0

1060,0

1060.0

1061,0

1061.0

1061.0

1061,0

1061,0

1061.0

1061.0

1061.0
1061.0

1060.0

1058.0

1056.0

1054.0

1052.0

1050.0

1048.0

1042,0

1036.0

1032.0

1020.0

1025.0

1023.0

1023.0

1023.0

1025.0

1031.0

1051.0

1076.0

1106.0

1133,0

1163.0

1152.0

1222.0

1252.0

1310.0
136?.0

1622.0

1676.0

1580.0

1075,0

1773.0

1063.0

19_9.0
2031.0

2111.0
2188.0

2262.0

2335.0

TWO-PHASE BOUNOARY
ee NUMBERS IN THIS COLUMN HAVE SEEN MULTIPLIED BY THE INDICATED FACTOR



THE RHOPHYSICAL PROPERTIES OF HELIUM
Ba0,0 ATNOSPMERE ISOBAR

TENPER&TURE O(_SITV V(OMIOV) VIDP/OU) -V(DP/OV) T (DV/DT)/Vp v p

DEG*K G#CC Jt_ ATM-CC/J ATM I/OEG. K
o_ X 100

11,0 Z7,9? _33,0 2_.9 2610.0 0.00558

12.0 27.80 438.0 25.0 2580.0 0.00605

13.0 27.63 461,0 24.0 2SkO.O 0.00635

lk.0 27.k5 _88,0 22.7 2520.0 0.006k8

15.0 Z7.1t 513.0 21.6 2490.0 0.00650

16.0 27.09 528.0 21.0 2_60.0 0,00657

17.0 26.91 542.0 20.5 Z_20*0 0*00662

18.0 26,73 SSb*O 20.0 2390*0 0.00667

19.0 26.$6 565.0 19.7 2350.0 0.0067@

20.0 26.38 575.0 19.3 2320.0 0.00673

21.0 26.20 5BS.O 19.0 2290.0 0.00675

22.0 26.@2 593.0 18.7 2260.0 0.00677
23*0 25*65 601.0 10.5 2220.0 0.00678

2_*0 2S,67 609.0 18.3 2190.0 0.00679

ZS.O ZS*SO 616.0 18.0 2%60.0 0.00680

26,0 25.3] 823.0 17.8 2130.0 0.00681

28.0 24.98 637.0 17.4 2070.@ 0.00682

30.0 Z4.65 649.0 17.0 2010.0 0.00682

3_.0 24.31 661.0 16.7 1960.0 0.00682

34.0 23.98 673.0 16.3 1900.0 0.Q0602

36.0 Z3.BS 684.0 16.0 1850.0 0.00681

3e.0 23*3_ 695,0 15.7 18_0.0 0.00681

40,0 23*02 705.0 15._ 1750.0 0.0d679

_S*O 22.26 731.0 14.7 1640.0 0.00676

50.0 21.52 7SS.O 14.0 1550.0 0.00670

SS.O 20.81 779.0 13.5 1_60.0 0.0066Z

b0.0 20.1k 804.0 13,0 2390.0 0.00653

6S.0 19,50 826,0 12.5 1320.0 0.006_2

70.0 18.69 852.0 12.1 1270o0 0*006Z9

75.0 18.31 877.0 11.8 1220*0 d.00616

80.0 17.75 902.0 11.k 1188.0 0.00602

98*0 16.70 95k*0 10.9 1110.0 0.00572
100.0 15.8_ 1020.0 10,4 1060.0 0.00543

12S*| 13.95 11_0.0 9,56 96W.0 0*00k77

100.0 12.WT 1270.0 8.96 90W*O Q*00_22

17S*0 11.28 1_10.0 8.56 662.0 0.00379

200.0 10.31 1540.0 8.25 829.0 0,003_

22S.0 9.492 1670.0 8,01 803.0 0.00316

250,0 8.799 1790,D 7.83 782.0 0.00292

27S*0 8*Z01 2920.0 7.67 765.0 0.00272

300.0 7.679 2050.0 7.55 750.0 0.0025_

358.0 6.81_ 2300.0 7.36 726.0 0.00225

_00.0 6.123 2550.0 7.22 709.0 0._0203

k50.0 5.560 2810.0 7,11 695.0 0.00164
500.0 5,0_0 3060.0 7.03 68_,0 0.00169

600.0 _,35_ 3570.0 6,91 667.0 a.001_5

700.8 3.802 W070.O 6.83 655.0 0.00127

800.0 3.3_ 4580.0 6.77 6_7.0 0.00113

900.0 3.032 5100.Q 6.72 6_0.0 0.00101

1000.0 2.703 5610.0 6.68 635.0 0*QG0922

1100.0 2.520 6120.0 6.65 631.0 0.00_8W5

1200.0 2.32k 6630.0 6.63 627.0 0.000700

1300.0 Z.1SS 7150.0 6.61 625.0 0.00072k

1400.0 2.010 7660°0 6.59 622.0 0.000676

1500,0 1.883 8180.0 6.58 620.0 0.000633

THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL

CONDUCTIVITY DIFFUSIVITY CONSTANT NUMBER

MN/CM-K G/CM-S SQ-CM/S

*_ X 1000000

1.59 696.0 0.G0235 1.10690 1.36

1.61 719.0 0.00219 1.1_625 1.18

1.62 59_.0 0.00201 1.10555 1.07

1.63 503,0 0.0_187 1.1_483 0.979

1.63 436.0 0.00179 1.10412 0.89_

1.62 385.0 0.00173 1.103_2 0.82_

1.61 3_6.0 _.G0167 1.1J272 0.768

1.6& 31_.0 0.G_163 1.10202 0,723
1.59 289.0 0.00159 1.10132 0.686

1.58 268.0 0.0:155 1.1_062 0.656

1.57 251*0 0.0U152 1.09993 0.631

1.56 237,0 O.G01k9 1.09923 0.610

1.55 225.0 0.001_7 1._985_ 0°593

1.5_ 215.0 0.00145 1._9786 0.578

1.52 206.0 O.OGlk3 1.09717 0.566

1.51 198,0 0.00141 1.09650 0.557

1._9 186.0 3*00138 1.09515 O.SkZ

1._7 177.0 0.00135 1.09303 0.533

1.45 170.0 0.0_102 1.09252 0.527

1._ 164.0 0.00131 1._9123 0.52_

1._2 160,0 0.00129 1.Q_996 0.524

1.41 156.0 0.00128 1._8071 0.525
1.40 153,0 0.00127 1.087_8 0.527

1.37 1_9.0 0.00125 1.08_50 0.535

1.35 1_6.0 v*0012_ 1._163 0.5_6

1.3_ 1_5.C 0.0_125 1,07889 0.558

1.33 lkk. O 0.00126 1,07628 0.568

2,33 14k.0 0.00128 1.07380 0*578

1.33 145.0 0.0_131 1.07144 0*586

1.33 1_6.0 0.00134 1.06920 0.593

1.33 1_7.0 0.00138 1.06709 0.599

1.34 1_9.0 0.001k7 1.0_319 0.6G7

1.36 152.0 0.00157 %.05970 0.611

1.kl 158.0 0.00186 1.052_5 O.EG8

1._7 166,0 0.0C219 1.0_681 _.6_8

1.53 17_.0 0._255 1.0_230 0.607

1.6_ 183._ 0.00293 1.038_0 0.6G6

1.66 191,0 0.00332 1.03552 0.6C6

1.72 199.0 Q.00373 1.83290 0,6C7

1.78 207.0 0.00416 1.0306_ O,EG8

1,8_ 215.0 _.09_59 1*_2867 0.610

1.97 236.0 _._0058 1.025_2 D.EZ_
2._1 256,G 0.006_6 1._282 0.627

2.25 275,0 0.C0782 1,92071 0.633

2.39 29_.0 _.00907 1.01895 0,637

Z.66 331.0 0.C118 1.0_62C 0.6_W

2.93 367.0 C,01_9 1._1_%_ 0.6_8

3,19 _1.0 _._183 I.JL25_ 0.651

3._k _35.0 _._22_ 1._1126 0.653

3.69 _67.0 C._2_ 1._%922 0.655

3.93 499.0 Q*C302 1.0_936 0.656

_.17 530.0 0._3_7 _.5*_62 0.657
_*_1 561.u _.0395 1._8_ 0.658

_ TWO-PHASE BOUNOARY
NUHBERS IN THIS COLUMN HAVE BEEN MULTIPLIED BY /HE INDICATED FACTOR
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700,0 ATMOSPHERE ISOBAR

THERMODYNAMIC PROPERTIES 0; HELIUM W

TEMPERATURE VOLUMC ISOTHERM

CC/G DERIVATIVE

DEG. K _v X ,01 CC-ATMIG

12.0 0.03_69 10400.0
13,0 0.03490 10_00,0

14,0 0,03912 10300.0

15,0 0.03934 1030_.0
16,0 0,03955 10300.0

17.0 0,0357T 10200,0

10.0 0,03599 10100.0

29,0 0,03621 10100,0

20.0 0.036_ 10000.0

21-0 0.03666 9930.0

22.0 0,03689 9860.0

23,0 0.03?12 9800.0

24.0 0,03?36 97N0,0

25.D 0.03759 9680,0

26.0 0.03?02 9620,0

28,0 0,03_30 9503.0
30.0 0,0387B 9380.0

32.0 0.03326 9260,0

34°0 0.03975 9150,0

36,0 0,0_025 90_0,0

38.0 0.0_075 8930,0

40,0 0.0_125 0820,0

_5.0 0.04253 8570,0

50.0 0-ON3B_ 8350.0

55.0 0.0_51& 8160.0

60.0 0.0_65_ 7990,0

65.0 0.0_792 7860.0

70.0 0.0_932 7750.0

75.0 0.0507_ 7660,0

80,0 0,05216 7600.0

90.0 0.05509 7530.0

106.0 0,05r96 7530.0

125,0 0.0652? 7680.0

15©.0 0,01295 7970.0

175.0 0.07977 6320.0

200.0 0.0869_ 6710.0

225,0 0°09406 9110,0

250.0 0.1012 9520.0

275-0 0.1002 9940.0

300.0 0.1153 10_00.0

350.0 0.129_ 11200.0

400.0 0.1435 tZIO0, O

450,0 0.1576 13000.0

500,0 0.1716 13900.0

600.0 0,2031 15800.0

700.0 0.2286 17700.0

800,0 0,2571 19600.0

900.0 0,2856 21500.0

1000.0 0.3142 23500.0

11_&-0 0.3429 25_00.0

1ZQD.O 0.3716 27_00.0

1300°0 0,4003 29300,0

1400.0 0.6290 31300.0

1500,0 0.65?7 33300,0

ISOCMORE INTERNAL ENT_aLPY

DERIVATIVE ENERGY

ATM/K JIG JIG

16._ 5?.23 _03.3

17._ 58.97 306.5

12.6 61,06 310.2

12.5 63,47 314°1

17.5 65,30 317._

17.4 67.23 320.9

1r,3 69.26 32_.5

17.2 71.37 328.2

17,0 ?3.55 3]2.0

16.8 75.01 335.9

16,6 78,12 339,8

16.5 80,4R 343._

16.3 02-91 347.q

16,1 05.37 352.0

15,9 87,67 356.Z

15,4 93,00 364,7

15.0 98.28 3?3.3

1_,6 103.7 S82.Z
14,2 109°2 391,2

13.9 114.8 400.3

13,5 120.6 409.6

13.1 126.4 419.0

12.3 141.3 443,0

11.5 156.7 k67.?

10.8 172°5 492,Q

10*1 188,6 510.7

9.52 204.9 5_4._

8.9? 221.4 521._

B.47 238,0 597,9
8.01 254.8 624.8

?.21 206-5 679.0

6.54 322,4 73_.5

5.27 406.9 86R,9

_.39 490,8 1005.0

3.76 573.8 1140.0

3.29 6_6,1 1273.0

2.93 737,0 1_05.0

2.64 818.9 1536.0

2.40 899,5 1667,0

2,20 979,8 1798.0

1.89 1140°0 2057.0

1.66 1296.0 2316,0

1,48 1457,0 2_75,0

1.34 1615.0 2033°0

1,12 1930,0 3349.0
0.964 2_N_.0 3865,0

0.8_6 2558,0 _382.0

0.754 2872.0 _898.0

0.680 3186.0 5_15,0

0,619 3500.0 5932.0

0.569 3813,0 6448*0

0,526 _127.0 6966.0

0.W69 k_kO.0 ?_B3.0

0,456 475_.0 8600.0

ENTROPY

J/G-K

?.433

2-695

?.97C

3.2_9

3,675

3,BBC

4,079

_.273

4.462

4.645

4._23

_.996

5.164

5.328

F.64_

5.941

f.22T

6._99

7,011

7.252

7.818

8.338

8.819

9.267

9.685

10.08

10,45

10,79

11._3

12.00

13.22

15,04

15,75
16,37

12-93

17,_Z

17.88

18,68

19.37

19,98

20.52

Z1.47

22.26

22,95

23.56

2_.10

24.60
25,05

25.46

25,8_

26.20

CV

2.106

2.336

2.552

2,70_

2.799

?.877

2.9_3

2°99q

3.0W5

3,084

3.11B

3.147

3.172

_.194

3,214

3,240

3.278

_o327

3.3_8

3,367

3,385

3.42_

3.456

3,40_

3,499

3.513

_.52?

3.520

3.531

3.530

3.523

3,494

3.459

3.427

3.398

3.37_

3-352

3.334

3,318

3.293

3*273

3.250

3,246

3,228

3.216
3.2_7

3.200

3.195

3.190

3.187

3,184

3.181

3.179

JIG-K

CP

2.486

2,798

3*07S

3,269

3,409

3.532

3.641

3*73&

3._23

3.9_0

3,970

_,03_

4.f93

W.14?

_.19q

4,293

4._80

_.460
W.534

w,fOW

4.F70

4.733

4.87W

4,996

5._00

5.186

5.258

5,315

5*361
5.396

5._39

9.458

5,_43

5.396

5.347

5,305

5.271

5._2_

5.208

5.187

5.17_

5*167

5.163

5.161

5.162

5,163

5.165

5.167

5,169

5.170

5.172

5,173

5,174

VELOCITY

OK SOUND

MIS

1115.0

1122.0

1124.0

1125,0

1125.0

1126.0

1126.0

1127,0

1127.0

1128.0

1128.0

112_.0

1120.0

11Z8.C

1_28.0

1128.0

11_?,0

1125._
1124.0

1122,0

1120.D

111_.0

1112-0

1106,C

1100.0

1095,0

1091-0

1088.0
1086,0

1085.0

108W.0

1007,0

1101,0

1122.0

114To0

1173,0

1201.0

1228.0

1256.0

1284,0

1339_0

1393,0

1446°0

1499.0

1599.0

1696.0

1788,0

1876.0

1961-0

2042.0

2121.0

2197,0

2270.0

23_2.¢

TWOIpHASE BOUNDARY

_ NUMBERS IN THIS COLUMN HAVE BEEN MULTIPLIED fly THE INDICATED FACTOR



THERHOPHY$ZCALPROPERTIESOF HELIUM

700.0 ATMOSPHERE ISOBAR

TEMPERA IURE DENSITY V(DH/OV) V(OP/DUI -V (DP/OV) T (OV/DTI/Vp v p

DEG*K GICC JIG ATR-CC/J ATR 1/OEG.K

*" X 100

IZ.0 28,83 _Sk.O 27.1 3000.0 G.OOSk8

13,0 28.65 481.0 25.8 2970.0 0._058Z

lk,0 28*47 515+0 2N.2 2950.0 0.00597

15.0 28.30 5_0,0 zz.q 2923.0 0.00599

16.0 28.13 563.0 22.2 2890.0 0.0&505
17.0 27.95 578._ 21.6 2850.0 3._0011

18.0 27.79 59Z.0 21.1 2810,0 0.00615

19.0 77.81 605.0 20,7 2780._ 0.J0618

20,0 27.k_ 617.0 20,3 2740.0 O,D06EO

21.0 27.27 628.U 20.0 2710.0 0._0622

ZZ.O 27.10 638.0 19.7 267_.0 0.00623

23.0 26.94 6_7,0 19.4 2640,0 0.40623

24,0 26,77 656.0 19,1 2610.0 0._0623

25,0 26.60 665,0 18,9 2570,0 0.0062_

26,0 26,4b 07b._ 18,7 25_0,0 G,00623

28.0 26.11 689.0 18.2 2480.C 0,_0623
30.0 25.79 704,0 17.8 2_20.0 0.00622

32.0 25°kr 719.0 17.4 2360.0 0.00620

34.0 ZS*lb 733,0 17.0 2300.0 0.&_619
36.B 2_.8_ 706.0 16.? 22_0.0 0.00617

38,0 24,94 799.0 16.3 2190.0 Q*_0616

_0,0 2_,20 771.0 16.0 21_0,0 0,00514

bS*O 23.5& 800.0 15.2 2020*0 0,00609

50,0 22,8t 828.0 1_.6 1900.0 0,_0603

ss*g 22.1_ 054.0 1_.0 1810.0 0.00597

60.0 21.49 880*0 13.5 1720.0 d.00589

6§*0 20.87 905.0 13.0 lbkO._ 0*00581

_0.0 20.28 930.0 12.6 1570.0 0.,0571

PS.O 19.7I 955.0 12.2 1510.0 0*_0561

80*0 19.17 981.0 11.8 1_60.0 Q00G550

90°0 10,19 1030.0 11,2 1370.0 _.30527

100.0 17*25 1080.0 10,8 1300.0 0*_05_

125*0 15.32 12Z0.0 9.84 1180.0 0.004_8

lS0.0 13,78 1350.0 9.21 1100o0 0*0_0_

175.0 12.94 1480.0 8.76 10_0,0 0*00361

200.0 11*5_ 1610*D 0._2 10u0.0 0,J6329

22S*0 10.63 1740.0 B.1E 968.0 0*00302
250*0 9*885 1870.0 7,95 941.0 L,0_28_

275.0 9*239 2000,0 7.79 918,G 0._0261

300,0 8.673 2130.0 7.65 899.0 0.002_5

35000 7*7_ 2380.0 7*kk 86800 0.30218

400,0 6.960 2630.0 1.28 845,0 0,00197

450.0 6.3k3 2880.0 7.17 820.0 _,00179

500.0 5,821 3130.0 7*07 811.0 0,00165

600,0 _.9_7 3640,0 6.94 789.0 6.Q0142

700.0 _,3?5 _140,0 6,85 77_.0 0.00125

800.0 3.890 _650.0 6.78 762.0 L.00111

900.0 3.501 9160.0 6.T3 7_3.0 0._01_0
1000.0 3.182 5670,0 6.69 747.0 G.QOQ91_

1100,0 2*915 6180.0 6.66 7_1.0 0.000036

1200,0 2,691 6700.0 6,63 736.5 0.00u772

1300*0 2.490 7210°0 6.61 733.0 0.+_0717

1400,0 2.331 7720.0 6.5_ 729.0 0.00067_

1_00*0 _,18_ 8_kO,O +._7 7_P*0 _,0006_0

TMO*PdASE BOUNDARY

_e NUMOERS IN THIS COLUHN HAVE

THERMAL VISCOSITY THERMAL OIELECTR[C PRANOTL

CONDUCTIVITY DIFEUSIVIIY CONSTANT NUMBER

_HICH-K G/CH-S SQ*CH/S

*" X IQ_000_

1.8_ 1020.0 3.&_51 1.11_27 1.41

1.81 817.U _.00226 1,%)RSfi I._6

1.81 676.0 Q,00_7 !.10980 1.15

1.0_ 573.0 Q,_.195 I,2_818 1,_W
1.8[ 497.G _.3_187 1.13751 0.9_3

1.79 439.3 _._181 1*1358_ ;.867

1.77 393.0 Q.;_175 1.1361b 0.8_7

1.7o 397.0 u.0C171 1.1_549 0.757

1,75 327.0 3.0_166 1,%;_8_ 0.717

1*73 303.0 _.u_1E3 1.1_15 0,683

1.72 283.0 3.00160 1,13348 0.659

1.70 26T,G g.00157 1.%]282 0.632

1.69 752,G ;.4315_ 1.13?16 0.612
1.67 240.0 3.00152 1.10151 g*$96

1.66 230.0 0.0_149 1*1_._6 G.582

1.63 213,0 3._146 I._9957 0.961

1,61 201,0 0._014_ 1._9830 0,547

1,59 191.0 0*0_140 1.09709 0.937

1,57 183,_ _._3137 1._9582 0.931

1.55 177.0 0*0_135 1._9461 0.528

1,53 173.: 0._C134 1.038_2 0.526

1.52 169.0 _,J_13_ 1._922_ _.525

1,_9 lo2.0 _._13u 1._8939 0.530

1,_7 158.0 3.00129 1.3_665 C.938

1.N5 156.0 0.00128 1,08402 0.547

1.44 15_.0 u.0:129 1.08191 0°557

1,_3 154.0 0*0_13_ 1.07910 0.565

1._3 15_.0 0,0u132 1.07680 0.973

1°43 15_.0 0.05135 1.07461 0.580

1+_3 155.0 _.0_138 1.07252 0.586

1,k3 157*0 0.00145 1.06854 0.594

1*45 159.0 _._315_ 1.06512 0*6C0

1.49 lb4.0 0,Q0179 1.0_770 0.598

1.54 171.0 0.00208 1.0518_ 0.599

1*60 179._ 0.00_39 1._707 0.590

1.66 187.0 Q*L_272 1.04314 0*597

1,72 195.0 Q.053C7 %.03983 0.597

1.77 202.3 0.003k2 t.03700 0.998

1.83 210.0 _._0379 1.73_56 0.599

1.88 217.0 3*Q0417 1.03242 0.601

2.01 238.0 b.008C2 1._?886 0.512

2*15 257.0 Q.0_595 I.02600 0.621

?,28 277*0 O.CCEDb 1..2365 0,627

2.42 _96.0 Q*CGB&w 1.92169 0.632

Z.68 333*G _._1[_ 1*_1860 0.640

2,95 3E8*0 0.0131 1.01628 0.645

3.21 _uE,b 3,01_0 1.01446 0.648

3.46 435.0 _.0191 1.31301 0.651

3.7_ 468.0 0.0225 I.CI182 0.553

3.95 9C0.0 3.02b2 1,_1083 0.659

N.18 531.0 0.5361 1.00999 0,656

N,42 961*0 3.03_ 1.0_927 C.657

W.65 591.0 _.0385 l.uJB65 0.6_8

4.87 620._ _.;_31 1._0811 0.659

BEEN HOLTIPI. IED BY THE INDICATED FACTOR
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TNERMOOYNAMIC PROPERTIES OF HELIUM W

800.0 ATMOSPHERE ISOBAR

TEMPERATURE VOLUME ISOTHERM

CCIG DERIVATIVE

BEG. K _o X ,01 CC-ATM/G

13,0 8,03382 11500°G
1_,0 0.03_03 11500,0

15,0 0°03_23 11500.0

16.0 0.03_Z IINO0.O

17.0 0,03_62 11k00,0

18.D 0,03_82 11300,0

19°0 0o03502 11200,G

20.0 O.03522 11100,0

21,0 0,03S_3 11100,0

22.0 0.03563 11000°0

23°0 0,03584 I0903,G

2_,0 0,0360S 10900,0

25.0 0,93620 10800°0

26.0 0°036_? 1GBO0,O

28.0 0,05690 10600,0

30,0 0,03732 1GSGO,O

32.0 0,03776 10NO0.O

3_,0 0.03819 10300,0
36°0 0,03863 %0200.0

38.0 0,0390T 10100.0

_0°0 0,03052 10000,0

_5.0 O,ONO6N 9730,0

50.0 0,0_179 9_90,0

55,0 0,0_295 9280,0

60,0 0,0_13 9090.0

65.0 0,04533 8930.0

?0°0 0,0_65_ 8790.0
TS°O 0.04776 8680,0

BO.O 0.0_900 8590*G

90,0 0,05150 8_60.0

100.0 0,05_03 8_00,0

125.0 0,00039 8_60,0

150,0 0,0667_ 8690.0

175,0 O,OT30S 9010.0

200,0 0,07935 9360.0

225.0 0,08553 97_0.0

250,0 0,09172 10100.0

275,0 0.09789 10500,0

300,0 0,10_0 11000,0

350.0 0.1163 11800,0

kO0,O 0,1286 I2700,0

kSO,0 0,1_09 13500°0

500.0 0.15]2 1_00,0

6C0,0 0,1779 16300.0

700.0 0,2027 18100°0

800.0 0.2275 20000.0

900,0 0,252N 21900.0

1000.0 0,2r7_ 23800,0

110_,0 0,302_ 25800°0

120D,0 0.327N 27700.0

1300.0 0*352_ 29700.0

lkCO,O 0.3775 3t600,0

150G,O O,NOZ6 33600,0

ISOCHORE INTERNAL ENTMALPY ENTROPY CV

OERIVATIVE ENERGY
ATMIK JIG JIG J/G'K

18,2 64.6W 338,8 ?,501 ?,231
18,7 E6°5_ 3_2°W 2.769 2*_8_

18.7 68°82 3W6._ 3,0_5 ?-66_

10.? 70.55 3_9.6 3.Z57 2,765

18,7 72,38 353.0 3,W65 _,8W9

18,6 7_,31 356,6 3*687 2,920

tB,k 76°33 360,2 _.SE_ Z.979

18,3 78._3 363.9 q.056 3,029

18,1 80,60 367,0 W,Z_3 3,072

17°9 82,83 371,7 _,_2_ 3,108

17,7 85.11 375,6 _.601 3,139

17.5 87._5 379,7 h,772 3,167

17°3 89.8W 383,8 k.939 3.1_1

17,1 92,27 357,9 5,101 3.213

16,7 97._5 396,3 5.W1_ 3.251

16,3 IO_*W _OW,9 _°711 _,28w

1_.8 107,7 k13.7 5.99k 3,312
1S,h 113ol _2,6 E*2E5 3,338

15.0 118o0 k31,7 E.52_ 3,36_

1_,6 I2W,2 W40,9 E,773 3,38G

1_,3 129,9 _50,2 7.012 3.404

13,W 1_k°6 W7_,1 7,573 3,_7

12,5 159.8 _98,5 8.088 _,_83

11,8 175,k 5_3,5 8,5E5 3,512

11.1 191,3 5_9._ 9.008 3,53h

10°5 207.5 574,9 9,423 _,55_
9,90 223,9 601,1 9,_11 3,562

9,3_ 2_0,5 627.E L0,18 3,570

8.88 257.1 65_._ I0.5_ _.5_5

8.02 290,8 708,_ 11.16 3,576

7,30 32_,7 762,E L_.77 _,571

5.91 _09.k 898.9 12.95 3.5_?

_o9_ k93o7 _035,0 13,9k _.50E

_,2q 577,2 1169.0 1_,77 0,W71

3.72 659,9 1303.0 iS,kS 3,_39

3.31 7_1,9 1_35.0 16.10 3,_1_

2,98 823,_ 1E67,_ 1_,66 3.388

Z,71 90W,4 1_90.0 17,1E 3.]E7

_.kg 985,0 1828,0 17.61 _.]hq

Z.1_ 11_5.0 2_88.0 18,_1 3.320

1.88 1305,0 _7,0 19,10 _,298

1,68 1k63.0 _606,0 19.71 3.2_0

1.52 1622-0 _86_._ ZC.26 _.2_6

1.27 1937,0 _379.0 21.20 3,?_

1.09 E252,0 3895,0 21.99 _,2_1

0,961 _566.0 _11,0 22,68 _,221

0-857 2881-0 _927.0 23.Z9 _.?i_

O,TTR 3195,0 5_k3,0 _,83 3,206

0,70_ 3508,0 5959,0 2_.32 ?,2_1

0,6_7 382Z,0 6_76,Q 2_,77 _.19_
0-598 _136,0 6993,0 25.19 3.1_

0.55_ _50.0 1510,0 ?5.57 _,1_1

0,520 _763,0 8027,0 2_,93 3.1_ _

JIG-K

CP

2,6E_

2,985

3.209

3.355

3,_83

3,59E

3.696

3.785

3.BEh

3.936

k. O01

W,061

W.116

w,168

W,262
W.3W8

4._27

W,500

W,SE8

W, E33

4. Egk

_,951

5.053

5,1k0

5,213

5.27_
5.323

5.263

5,_17

5.kW5

5,_09

5,361

5,310

5,282

5,25_

5,230

5.712

5.187

5.172

5,1E_

5.159

5.156

5,157

5,159

5.1_1
5.1E_

5,165
5.IE7

5._6g

5.170

5,17I

VELOCITY

OF SOUNC

M/S

117q,0

1103-C

1185.0

1185.0

1106o0

1186°0

1187o0

1187,0

1188.0

1188,0

1189,0

1189o0

1189,0

1189,0

1109,0

1189,0

1188,0

1187,C
11e5.0

1183,0

1081-0

1175,C

11E9.C

11_3,C

11_8.0

1153.0

11_5-0

1162.0

11_0.0

1139,0

11E6.0

11_7,C

1211,C

1236.0

1262,C

1288,_

13ET,0

l_IB,O

1W70.0

1520,0

1712,C

1_89,0
Ic72,C

_052.C

2130._

22C5.C

_27_,0

TWO-PHASE BOUNOARY

_* NUMBERS IN THIS COLUMN HAVE BEEN MULTIPLIED BY THE INDICATED FACTCR
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THERHOPHYSIGAL PROPERTIES OF HELIUM 4
800.0 EIMOSPHERE I53BAR

TEMPERATURE OEHSZT¥ VIDHID¥) V(DP/DUI -V|DP/OV) T (OV/OT)/Vp v p

OEG, K G/CC Jl_ ATM-CCIJ ATM ltOEG. K

o• X 100

13.0 Z9,ST 490.0 27.6 3400.0 0.00535

14.0 29.39 539.0 25,6 3380,0 0.00553

15.0 29,21 SFF.| 24,0 3370.0 0.00556

16.0 Z�*OS 595,0 Z3,3 3320.0 0.00564

1T.0 28,89 612.0 22.7 3280.0 0.00569

18.0 28.72 627.0 22.2 32_0.0 0.00574

19.0 23.S6 641.m Z1,7 3200.0 0.0057T

20,0 28,39 654.0 21.3 3160.0 0,00579

21,0 28.23 666.0 20,9 3130.0 0.00680

Z2,0 28.00 678.0 20.6 3090,0 0,00581

23.0 27.90 689.0 20,3 3050.0 0._¥581

24.0 27.74 699,0 20.0 3020.0 0.00581

25*0 27.58 709.0 19.7 2990.0 0,00581

26,0 27.42 718.0 19,4 2950.0 0.00580

28.0 27.10 737.0 18.9 2890*0 0.005T8

30.0 26.79 7S4*0 18,5 2820.0 0*00576

32.0 26.49 TTI,0 18.1 2160,0 0*J0574

34.0 26.18 787,0 17.7 2TO0*O 0*00572

36.0 25.69 802,0 17.3 2640.0 0.00569

38,0 20*59 817,0 16.9 2580*0 0.00567

40*0 25.31 031.0 16.6 2530.0 0.00565

45,0 24,61 865.0 1Y.8 2390.0 0000559

SO,O 23.93 096,0 lS,1 2270.0 0,00552

SS*O 23.20 926,0 14.4 2160*0 0°00546

60.0 22.66 964,0 13.9 2060.0 0.00539

65*0 22.06 960,0 13,4 1970.0 0*00532

70,0 21.49 1010.0 12.9 1890.0 6.00524

75.0 20,94 1030.0 12.S 1820.C 0*00516

80,0 20.41 1060.0 1Z*2 1750.0 0.00507

90.0 19,42 1110.0 11.6 1640,0 0.00480

100*0 18,51 1160,0 11.0 1560.0 0*00469

125.0 16.56 2290.0 ;0.1 1400.0 0.00422

150.0 14.98 1430.0 9,41 1300,0 6.00379

1T9.0 13.69 1560.0 8,93 1230.0 0.00344

200,0 1Z,61 1690,0 8,57 1180.0 0.00315

225.0 11*69 1020°0 8,29 1140.0 0.00290

250.0 10.90 1950,0 8.06 1110.0 0.00269

275.0 10.22 2080.0 7.88 1080,0 0.00252

300.0 9,611 2200.0 7.74 1050.0 0,00236

350.0 8,596 2460.0 7.51 1010.0 0,00211

400.0 7.775 2710.G 7,34 985.0 0.00191

450,0 T.096 2960.0 7,21 961.0 0000275

500.0 6.526 3210,0 T.11 942.0 0,00161

600,0 5.620 3710.0 6,97 914.0 0.00139

700.0 4,934 4210,0 6,86 894.0 0.00122

800,0 4.395 4720.0 6.79 879.0 0.00109

900.0 3,951 5230.0 6.74 868.0 0*000987

1000.0 3.605 5740.b 6.69 359.0 0.000900

1100,0 3.307 6250.0 6.66 852.0 0.000827

1200.0 3.055 6T60.0 6.63 846.0 0.000F65

1300.0 2.837 7270.0 6,60 842.0 0.000711

1400.0 2.645 7780,0 6.58 837.0 0,00u664

1500.0 2,484 829000 6,57 034.0 0.000623

• Y MO-PMASE BOUNDARY

_e NUMBERS IN T415 COLUHN HAVE BEEN HULTIPLIEO BY THE INDICATED FACTOR

)51

THERMAL VISCOSITY THERMAL OIELECTRZC PR_NOTL

CONDUCTIVITY DIFFUSIVITY CONSTANT _UHBER

MW/CM-K G/EN-5 5Q'CM/5
_ X 1000000

2.0_ 1110.0 0,00253 1,11321 1.48

1.99 896*0 0*0022? 1.11250 1,3_

1°98 T44.0 0*00212 1.11100 1*20

1.97 634*0 0.0_203 1,11115 2.08

1.96 551.0 0.00195 1,11050 0.980

1.94 487.0 0,00188 1.1J985 0.901

1.93 436.0 D,00183 1.10920 0*837

1.91 396.0 0.00170 1.1_855 0*?85

1.89 363.G 0*00173 1.19791 0.742

1*87 336.0 0.00169 1,10726 0.7_6

1.85 313.0 d*00166 1,1_662 0.6T6

1.84 294*D 0*00163 1.10593 0.651
1°82 270.0 _*0016_ 1.1_$35 _.633

1.80 265*0 0.00158 1.13472 0,612

1.77 243.0 0.00153 1,133_8 G,555

1.7_ E26.0 _,00150 1.10225 0.5E5

1*72 214,0 0.00146 1.10104 0.551

1.69 204,0 0*00144 1,099B6 0.5_1

1.6T 196.0 0.0J141 1.09869 _.535

1.65 189,0 0.00139 1*09754 0.531

1,64 184,0 0,00130 1.09641 0.529

1.60 1T5.0 Q,_0135 1*09367 0.529

1.57 170,0 0*00133 1.09103 Co534

1.55 166.0 d,0_132 1.0889_ 0.540

1.54 164.0 0*00132 1.08607 0.548

1.53 163.0 0°00133 1,08374 0*556

2.53 163*0 0*00135 1.08150 0.563

1.52 163.0 0.0013T 1.07936 0.569

1.52 163.0 0,00139 1.07731 0.575

1.52 164.0 0,00145 1.07348 0.584

1,53 166.0 0.00152 1.06997 0.590

1.57 170.0 0,0017_ 1*06246 0*589

1.62 177.0 _.00200 1.05642 0.590

1,67 184.0 0.G0220 1.05147 0.589

1.72 191.0 0*G0257 1,?_735 0.509

1,76 198.0 0.002B8 1.0_386 0,589

1.83 205.0 0*00319 1.0_086 0.590

1.8B 212.0 0*00352 1.03_26 0.591

1.53 219.0 0.0_385 1.03597 0.593

2.05 239°0 0.0046_ 1.03213 0.605

2.18 259.0 0.00543 1.02903 0.614

2,31 278.0 0,00631 1.026_ 0.621

2,45 297.0 0,00?26 1.0243_ 0.62T

Z,71 334.0 0.00935 1*02094 0.636

2,97 369.0 0.0117 1.01837 0.641
3,22 404.0 _*_142 1.01635 0.646

3°47 437*0 0,0170 1.014T3 _.649

3.22 469,d 0.02_ 1._1340 0.651

3.96 501.0 0*0232 1.01_2_ 0*653

4.20 532*0 0.02E6 1.01135 0.654

4.43 562.0 _.03(2 1._1_54 0,656

4.66 592.0 0.0340 1.C_q84 0.65_

4.88 621.0 0.0380 1._u922 0*657



900.0ATMOSPHEREI$08AR
rHERNODVNAHIC PROPERTIES OF HELIUM 6

TEMPERATURE VOLUHE ISOTHERM ZSOCHOR[ INTERNAL ENTHALPY ENTROPY

CC/G DERIVATIVE DERIVATIVE ENERGY

BEG* K _ X o01 CC-&TM/G ATM/K J/G J/G J/G-K

I_°0 0,03309 12608.0 19.6 72o03 373.8 2,587

15,0 0,033Z9 12r00,0 19.7 76,17 377.8 ?.862

16,0 0,03966 12600.0 19.8 79.80 381.0 3.070

1?.0 0.03366 12500,0 19.8 77,55 386.3 3.2?6

18,0 0,0338Z 12600,0 19.? 79.39 087.8 3._76

19.0 0,03_01 12300,0 19.6 81.33 391,k 3,669

20.0 0,03_19 12300o0 19o5 03,37 395*1 3,859

21,0 0,03638 12200.0 lq.3 B5o_3 398,9 k,Ok_

?2-0 0.03657 12100.0 19.2 8?,59 602°8 6._26

23.0 0.03676 12100,0 19.0 89.80 606,8 k.399

26,0 0,03699 12000,0 18*8 92°06 _10.8 k.569

25.0 0,03516 11900,0 18o6 9_.38 616.8 _.735

26.0 0.03S33 11900.0 18.3 96.76 618.9 k,897

ZB,O 0*03972 11800.0 17.9 101,6 427.3 5.208

30.0 0.03611 11600,0 17,k 106.6 435.9 5°503

32*0 0,03650 1150D*0 17-0 111,B 6k_.6 5.785

86.0 0,03689 11600.0 16.6 117,1 653,5 6.056

36,0 0,037Z9 11300°0 16.2 122.5 662.5 6.312

38.0 0,B3?69 11200.0 19.7 128.0 671.7 6.560

_0-0 0.03809 11100.0 15-3 133.6 681,0 6*798

65,0 0,03910 10800,0 16,6 168.1 5Ok,? 7.355

50,0 0,06012 10600,0 13.5 163,1 529.0 7.86B

55,0 0,0_115 10_00,0 12.8 178.6 593.8 8.361

60.0 O.BNZZO 10200,0 12.0 19_.3 579.1 8.782

65.0 0,0_325 10000,0 11,k 210,k 604.9 9,193

70.0 0.06632 9860.0 10,8 226.7 630.9 5.580

75.0 0,0_560 9?00.0 10.2 263.2 657,2 9.963

80.0 0.fl6669 9580.0 9.69 259.8 683.8 10.29

90.0 O,O_Bb9 9600.0 8.78 293,k 737.5 10,92

100.0 0.05092 9300.0 8.01 327.3 791.6 11.k9

125.0 0.05653 9260.0 6.52 612.2 927.8 12.70

150,0 0.06Z16 9620.0 5._7 _96.8 106_.0 13.69

175.0 0.06?75 9690,0 _.71 580.7 1199.0 lk.53

200°0 0,07330 10000,0 _.13 663,9 1332.0 15.Zk

225-0 0,07882 10600.0 3.67 766,3 1665,0 15.87

250.0 0.08631 10700.0 3,31 828,2 1597.0 18.62

275.0 0.089?8 11100,0 3.02 909°5 1728.0 16.92

300.0 0.09_23 11500.0 2.77 990*6 1859.0 17-38

350.0 0,1061 12600.0 2,39 1151.0 2119.0 18.18

600,0 0.1170 13200,0 2.10 1311.0 2378.0 18.87

650.0 0.1279 16100.0 1.87 1_70.0 2636.0 19,k_

500-0 B,1388 16900-0 1-69 1829.0 ?896.0 20.02

600,0 0.1606 1670_.0 1._Z 1965.0 3609._ 20,96

700.0 0.1825 18600.0 1.ZZ 2260,0 392k. O 21.76

800.0 0.20_9 20600.0 1.08 2575.0 _660.0 Z2,_k

900.0 0.2266 22300,0 0.955 2889.0 6955,0 _3,05
1000.0 B.ZGB? 26200.0 0.866 3203,0 5k71.0 ?_.50

1100.0 0.2?08 26100.0 0.789 3517.0 5987.0 Z_.09

120G.0 0.2930 2BBO0. O 0,725 3831.0 6503.0 Zk.5k
1300,0 0.3152 30000.0 0.671 61_5,0 7020,0 2k.95

1600.0 0.3376 31900.0 0.82_ _59.0 T536,0 25.33

1500.0 0-35_7 33900.0 0.583 6773.0 0053.0 25.89

CV

2._15

2.830

2.?3k

2°822

2.89?

2.980

3,01k

3°060
3.099

3.133

3.163

3.190

3.21k

3.255

3.791

3.322

3.3B0

3.378

3._00

3._22

3,_70

3.510

3.962

3.587

3.586

3.600

3.610
3.617

3.621

3,617

3.588

3.551

3,513

3._79

3,_69

3._23

3.600
3.380

3.3_5

3.327

3.303

3.28?

3.263

3.2_?

3.23_
3.225

3.210

3,212

3.207

3,20_

3-?00

3,197

JIG-K

CP

2.887

3.167

3.299

3.63_

3,553

3.657

3.750

3.833

3.907

3.97_

k.038

6.093

_,1_5

_.327

6.605

6,G?B

6°5_5

_,609

6.668

_.803

k.919

5.019

5.106

5.179

5.2_1

5.292

5.33_

5.395

5,_30

5._kq

5._18

5.37_

5.330

5.292

5.251

5.235
5-216

5,188

5,171

5-161

5.155

5.151

5.152

5.15_
5.157

5.159

5-187

5.16h

5,166

5.187

5.169

VELOCITY

OF SOUND

M/S

1238.0

1261.0

12_1.0

12_1.0

12h2.0

12_2.0

12_3._

1?_3,0

1266.0

12_5.0

12_5,0

12_5,0

12_6.0

12_5.0

1265.0

1266.0

176Z*0

12_1,0

1239.0

1233.0

1727.0

1221.0

1215.0

1209.0

1206.0

1200.0

1196,C

1191*0

1189.0

1193,0

1207.0

1225,0
1267._

1270.0

129_,0

1318,0

1363,0

1393.C

1692.0

1560,0
1836.0

1727.0

1016.0
1_01.0

1983.0

_062.0

2139, C

2213.0

_Z85.0

2355,0

THO°PHOSE BOUNDARY

_ NUMBERS IN TH£S COLUMN HAVE BEEN MULTIPLIED BY THE INDICATED F_CTOR

152



THE_OPHYSICALPROPERTIES OF HELIUM 4

900.0 ATHOSPHERE ISOBAR

TEHPERATURE DENSITY VIDHIOV) V(DP/DU) -V(OP/OV) T (OV/OT)/V
p v p

DEG,K GtCC JIG ATH-CC/J &TM 1/OEG.K

eo X 100

14.0 30.22 563.0 26.9 3820.8 0,00513

15,0 30.06 688,0 25.0 3820.0 0.00517

16.0 29.88 627.0 Z4*3 3760*0 0,00528

17.0 29.72 644.0 23*8 3710o0 0,00533

18.0 29,57 660.0 23,1 3670,0 0.00538

19,0 29.41 67S.0 22.6 3630.0 Q.305_2

ZO,O 29*25 869.0 ZZ*I 3580.0 0.00544

21,0 29.09 702.0 21.7 3540,0 0,£O546

2Z,0 28.93 714.0 Z104 3510.0 0.00547

ZS.0 28,77 726.0 Zl*O 3470.0 0.00547

2400 28.61 738.0 20.7 343000 0.005_7

Z5.0 28.46 749.0 20,4 339000 0.00547

26.0 Z8.30 75900 20.2 3360.0 0.00546

Z8,0 28.00 760.0 19.6 3290.0 0.00544

30.0 Z7.69 800,| 19*1 3220.0 0.00541

32,0 27.40 810.0 10.7 3160.0 0.00538

34.0 27010 887,0 18.3 3100.0 0.00535

36.0 26.8Z 8S4.0 17,8 3030.0 0.30032

38.0 26.53 871.0 17.4 2970.0 0.00529

40.0 26.26 887.0 17.1 2920,0 0.00526

4000 25.50 925*0 16.Z 2780.0 3.30519

50.0 24.93 961.0 15.5 2640.0 0000012

55.0 24.30 99300 14.8 ZS20.0 0.00505

80.0 23.70 1020.0 14.Z 2410.0 0.00409

05.0 23*12 1050.0 13.7 2310*0 0,00492

70.0 2Z.Sb 1080.0 13.2 Z220.0 000048S

7S.0 22.03 1110.0 *Z.8 2140.0 0,00478

80.0 21.51 1130.0 XZ*S 2060.0 0._0470

90.0 20.54 1190.0 11.8 1930.0 0.00455

100.0 19.64 1240.0 11,3 1630,0 0.00439

lZS.O 17.60 1370.0 10,3 1640,0 0.00398

100.0 16.0] 1500.0 9,$8 1520.0 0.00361

175,0 14,78 1630.0 9.07 1430.0 0.00329

200.0 13.64 1760.0 8,69 1370.0 0.00302

2ZS.O 12.69 1900.0 8,40 1320.0 0.00279

250,0 11.86 2020.0 8.16 1270.0 0.00260

270.0 11.14 ZlSO*O 7.97 1240.0 0.00243

300.0 10.50 2200.0 7.81 1Z10.0 0.002Z9

354.0 9,4Z4 2530.0 7.56 1160,0 0.00205

400.0 8.548 2780.0 7.38 1130.0 0.00186

490.0 7.8Z1 3030.0 7.29 1100.0 0.00173
500,0 7.207 3280.0 7.14 1080.0 0.00157

600.0 6.2Z7 378000 6,98 1040.0 0,00136

700.0 5.479 4280.0 $.68 1020.0 0.001Z0

800.0 4.800 4790.0 6.80 10£0.0 0.00108

900.0 4.414 SZ90,O 6.74 964.0 0.00097_

1000.0 4.021 §800.0 6.69 973.0 0*000890

1100.0 3,603 6310,0 6.65 965.0 0.000618

120000 3.413 6820.0 6.62 957.0 0.000757

1300.0 3.113 7330.0 6.60 951.0 0,000?05

1400,0 2,9S4 7840.0 6,57 946.0 0,000659

1000.0 2,780 8350.0 6.56 942.0 0.000619

THERHAL VISCOSITY THERMAL OIELECTRIC PRANOTL

CONOOCTIVITY DIFFUSIVITY CONSTANT NUMBER

NW/CM-K G/CM-S SQ*CM/S

• _ X 1000000

2.18 1180.0 0,00250 1.11578 1.56

2*16 955.0 0.00229 1,11597 1,39

Z*15 802.0 0.00218 1.11445 1*23

2.13 686.0 0.03209 1.11382 1.1£

2.11 599.0 0.00201 1.11320 1,01

2.09 530.0 3.00195 1.11257 0.926

Z.07 475.0 0,00189 1.11193 0.861

2.05 432.0 3.00184 1.11131 0.8£7

2.03 396.0 0.00179 1.11068 0.763

2.01 366.0 3.00175 1011005 0.726

1.98 341.0 0.00172 1.10943 0.694

1096 321.0 0,00169 1.13862 0*668

1,94 303.0 0.00166 1.13821 0,6_b

1*91 279.0 0.00161 1.10700 0.611

1.87 254.0 0.00156 1.10580 0,586

1.84 237.0 0.001_3 1,10463 0,56?

1.82 225.0 0.00150 1,13348 0.55_

1.79 215.0 0.00147 1.10235 0.545

1.77 207.0 0.03145 1.10123 0.538

1,7_ 200.0 0.d0143 1*10014 0.534

1,71 189.0 0,00139 1.09748 0.530

1.68 181.0 0.03137 1,09493 0,532

1.&6 177.0 0.00136 1,09248 0.536

1.64 174,0 0,03135 1.09012 0,542

1.63 172.0 0,00136 1,00785 0.549

1.62 171.0 0.03137 1.08569 0.555

1.61 171.0 0.00138 1.0_360 0.561

1.61 171.0 0._0140 1.08159 0.566

1.61 172.0 0.00145 1.07782 0.575

1.62 173.0 0*00152 1.07434 0,500

1,65 176.0 0.G_171 1.06681 0.581

1.69 182.9 0.00194 1.06065 0*582

1.74 188.0 0.00219 1.0555& 0.581

1.79 19_*0 O*OOZ4E 1.05128 0.581

1.83 201.0 0.0_273 1._764 0.581

1.88 208.0 3.003£2 1.04_50 0.582

1.93 215.0 0,00331 1.04175 0.583

1.97 221.0 0,00360 1.0393_ 0._85

2*09 2_1,0 _.0_28 1.C352& 0.598

2.22 261.0 0.00502 1.03195 0.6C8

2,35 200.0 3.;0581 1.02921 0.616

2.48 299.0 0.00666 1*0Z690 0.622

Z.73 335.3 0.00852 1.02321 0.631
2.99 370,0 0.01_6 1.02041 0.638

3.24 405.0 0.3129 1.01820 0.643

3.49 438.0 3,01_3 1._1642 _.646

3,7_ 470.0 3.0180 1.01495 0.649

3.90 $02,3 _.02t9 1.01_73 0.671

4.21 532,0 0.0239 1,01268 0.6_3

4.4_ 563.0 0.0271 1,01179 0.65_

_.67 592.0 3.{3_5 1._1101 0.655

• .85 6Z1.; O,£SWG 1._1_33 0.656

• TWO-PHASE BOUNOAOY

we NUMBERS IN THXS COLUMN HAVE BEEN MULIIPLIEO BY THE INDICATED FACTOR

)53



THERMODYNAMICPROPERTIESOF HELIUM 4

lO00 ATHOSPHERE ISOBAR

TEMPERATURE VOLUME ISOTHERM ZSOCHORE INTERNAL ENTNALPT

CC/G DERIVATIVE DERIVATIVE ENERGY

OEG. K _o X .01 CC'ATN/G ATM/K J/G J/G

15.0 0,03Z_8 13900.0 20.6 79.50 _8.6

16.0 0.03264 13600.0 Z0.7 81.05 _11.7

17.0 0.03280 13600.G 20.8 82,72 _15.0

18,0 0.03Z96 13500.0 20.8 84.48 _18.5

19.0 0.03313 13400.0 20,7 86.3_ N22.0

20.0 0,03330 13300.0 20.6 88.Z8 425.7

21.0 0.03347 13380.0 20.5 90.30 429.5

22.0 0.03385 13200.0 20,3 9Z.38 433,3

23.0 0,03382 13100,0 20,1 9_.52 437.2

24.0 0.03400 13100.0 19.9 96.72 4kl.2

25.0 0.03418 13000.0 19.7 98.98 _45.3

26.0 0.03435 12900.0 19.5 101.3 _49._

28.0 0,03471 12800.0 19.0 106.0 457.7

30.0 0.03507 12700.0 18.6 110.9 456.3

32,0 0*03543 12600.0 18,1 116.0 475.0

34.0 0.03579 12590.0 17.T 121.2 _8S,&

36.0 0.03615 12400.0 17,2 126.5 492.8

38.0 0.03052 IZ300.0 16.8 131.9 501.9

_0.0 0.03688 12200.0 16,_ 137.5 511.2

45.0 0.03780 11900.& 15,4 151.8 53_.8

50.0 0,03872 11700,0 14.5 166,6 599.G

59.0 0.03966 11900.0 13.7 181.9 983.7

60,0 0,04060 11200.0 12.9 197,6 608,9

69.0 0.04154 11000.0 12.2 213.6 63_.5

70.0 0.0_250 10900.0 11.6 2Z9.8 660.5

79,0 0.04347 10700.0 11.0 246.2 686,7

80.0 0.0_4_ 10600,0 10._ 262.8 713.1

90.0 0.0_640 10_00.0 9.50 296.4 766.6

100.0 0.0_839 10200*0 8.68 330.2 820.5

12§.0 0.0_340 10100.0 7.10 415.3 956,4

150.0 0.05844 10100.0 5.98 500.2 1092.0

175.0 0.06346 10_00.0 5.19 58_.9 1220.0

200,0 0.06045 10700,0 _.52 668.0 1362.0

229.0 0.07340 11000,0 _.03 750.9 1_95.0

250.0 0.07033 11300.0 3.64 833.1 1627.0

275.0 0.0032_ 11700.0 3.31 91_.7 1798,0

300.0 0.08813 12100,0 3.09 996.0 1889.0

390.0 0,09789 12900.0 2,62 1157.0 2149.0

400.0 0.1076 13700.0 2.31 1317.0 2408,0

450,0 0.117k 14600.0 2.06 1_77.0 2666.0

900.0 0.1271 15_00.0 1.86 1636.0 292_.0

600.0 0.1k67 17200,0 1.57 1952.0 3_39.0

700.0 0,1663 19000,0 1.39 2268.0 3993.0

800.0 0.1861 20800.0 1.19 2583.0 _468,0

900.0 0.2058 22700.0 1.06 2898.0 _983.0

1000.0 0,2257 24600.0 0.957 3212.0 5_99.0

1100.0 0.2_95 26900.0 0.873 3927,0 6014.0
1200.0 0.269_ 28400.0 0,802 3841.0 6930.0

1300.0 0.2853 30300.0 0.742 4155.0 7046.0

1400.0 0.3093 32200.0 0.690 4469,0 7563,_

1500.0 0.3293 34200.0 0,645 4783.0 8079._

ENTROPY

JIG-K

2.696

2,900

3,100

3.297

3._90

3.678

3.861

4.040

4.214

k.38_

4.5_9

4.709

5.019

5.31_

9.994

5. 863

6.120

6.367

6.60_

7.160

7.670

8.141

8.580

8.990

9.374

9.739

10.08

10.71

11.27

12.49
13._8

lk.31

15.03

19.66

16.21

16.71

17.17

17.97

18,66

19.27

19.81

20.75

21.95

22.23

22.8_

23.38
23.87

2_,32

24.7k

29,12

25,_7

CV

2.591

2.700

2.794

2,874

2.941

2,999

3.048

3.091

3.128

3.160

3.189

3.215

3.260

3.298

3.332

3,363

3.391

3.417

3._1

3.493

3.536

3.572

3.600

3.621

3.637

3.649

3.697

3.663

3.661

3.634

3.995

3.555

3.919

3._86

3._58

3.433

3.411

3.375

3.3_7

3.329

3.307

3.281

3.262
3.2_9

3.238

3.230

3.223

3.2 18

3,21_

3.21_

3.206

JIG-K

CP

3.0?9

3.239

3.361

3.557

3,617

3,715

3.802

3.880

3.95C

k.014

_.073

_.127

_.226

_.313

4.392

4.464

_.932
4.91

4.653

4.709

k.89fl

4.997

5.&81

5.153

5.215

5.267

9.310

5.37_

5._15

5.42_

_.38_

5.342

5.303

5.270

5.243

9.221

5.189

9.170

5.158

5.191
5.146

5.147

5.1_9

5.192

5.159

5.158

5.160

5.162

5.164

9.166

VELOCITY

OF SOUNO

MIS

1293.0

1293.0

1293.0

1293,0

1294.0

129_.0

1295.0

1295.0

1296._

1296,0

1297,0

1297.0

1298.0

1298,0

1297.0

1296.0

1295,0

129_.0

1292.0

1287.0

1281.0

127_.0

1268.0

1262.0

1257.0

1_52.0

1247.0

1240.0

1236.0

1236.0

12_5,0

1261.0

1280.0

1301.0

1324,0

1347.0

1370,0

1_18,0

1_65,0

1513,0
1_50.0

1652.0

1742,0

1826.0

1912.0

1993.0

2071,0

21_7.0

_221.0

2292.0

2361.0

TWO'PHASE BOUNDARY

_ NUMBERS IN THIS _OLUMN HAVE BEEN MULTIPLIED BY THE INOICATEO FACTOR



THERHOPHY$ICAL PROPERTIES OF HELIUM ;

]000 ATHOSPH(_( ISOBAR

TEHPERArURE DE_$ ITY V¢OH¢ DV)p

OEG. K GICC J/$
+_ X 100

15.0 30079 640.0

16o0 30.64 659.0

17.0 30.49 676.0

1800 30,3; 692.0

19.0 30.18 708.0

2000 30,03 722.0

2100 29.07 730,0

ZZ,O 29.72 749.0

23.0 zq.s7 762.0

24.| 27o41 ?7400

ZS.O 29.25 766.0

25.0 29.11 797.0

28.0 28.61 620.0

30.0 26.52 842,0

32o0 28,23 862.0

3400 27.96 663.0

36.0 27.60 902.0

38.0 27039 921.0

00.0 27.11 939.0

_5.0 26.40 98200

SO.O ZS.BZ 102000
5S.0 2S*22 1060.0

60.0 24*63 1090.0

05.0 24.07 1120.0

70.0 23.53 1150.1

7S.0 23.01 1180.0

8000 22.50 1210.0

90.0 21.55 1260.0

100.0 20.67 1310.0

12600 18.73 14_0.0

15000 17.11 1570.0

1T500 15.76 1710.0

200.0 14,6L 184100

22S.0 13.62 1910.0
250.0 12.77 2100.0

27500 12.01 2230.0

30000 11035 2350.0

35000 10022 2610.0

400.0 9.291 286000

450.0 8,520 3100.0

SO0.O 7.656 3360.0

600.0 60817 3850.0

?00.0 6.012 4350.0

000.0 5.375 4850.0

gO0.O 4.868 5360.0
1000.0 4.432 5860.0

1100.0 4.073 6320.0

1200.0 3.T58 688000

1300.0 3.505 t3qo.o

1400.0 3.276 7900.0

1500.0 30074 8410.0

V(DP/OU)y -V(DPIDV) T (DV/DYlp/V

ATH°CC/J ATH t/OEG.K

25.8 4280.0 0.00481

25.1 4210.0 0.00;92

24.4 ;160.0 0.00500

23,8 4100.0 0.00507

Z3.3 N050.0 0.00511

22.9 ;010.0 0.00514

22.5 396000 0.00517

22.1 3920.0 0.05618

21,8 3880.0 0.00519

21._ 3840.0 0.00519

21.1 3800.0 0000518

20.8 3770.0 0.00518

2003 3690.0 OoOOSIS

19.7 3620.0 0000512

19.3 3560.0 0.00509

18.8 3;90.0 0.00506

18,4 3430.0 0.00502

17.9 3360.0 0.00499

17.5 3300.0 0.00495

16o6 3160.0 0,G0;07

18.9 3020.0 0.00400

16,2 2890,0 0,00472

14,5 2770.0 0000465

14,0 2660.0 0,00;59
13.9 256000 0.00452

13.1 2460,0 0.00446

12o7 2360.0 0.00;39

12.0 2230.0 0.00426

11.5 2110.0 0,00412

10.4 1080.0 0.00377

9.72 17;0.0 0,00344

9.20 1630.0 0.00315

8.80 1560.0 0.00291

6.49 1500.0 0.00269
8,24 1;50.0 0.00251

8,04 1;10,0 0.00235

1.87 1370.0 0.00222

7.61 1320.0 0.00199

7042 1270 .O 0.00181

7.28 124000 0.00156

7.15 121000 O.O01Sk

7.08 1170.0 0000134

6.88 1140.0 0.00118

6080 1120.0 5.00106

6.74 110000 0.300962

6.69 1090,0 0.000879

6.65 1080.0 0.000810

6.62 1070.0 0.000750

6.59 1060.0 0.000699

6.57 1060.0 0.00065;
6.55 1050.0 0.00061;

THERMAL VISCOSITY THERMAL DIELECTRIC PRANOTL

CON3UCIIVITY DIFFUSIVITT CONSTANT NUMBER

HW/CM-K G/CM-S SQ'CM/S
++ X 1000000

2.35 1220.0 0.002_7 1.11806 1.60
2.33 1000.0 0,00235 1,11706 1.;0

2.31 049.0 0.00224 1,11690 1,24

2.28 730,0 0.00215 1,11625 1.12

2.26 639,0 0.00207 1.1156_ 1.02

2.23 567.0 0,00200 1,11503 _.94_

2.21 510.0 0,0019_ 1,11_2 0,870

2.18 464.0 0,00109 1.11381 0.82W

2o16 426.0 0.00185 1.11320 0.779

2o13 394.0 0.00181 1.11259 0.741

2.11 36700 _,_0177 1,11199 0.710

2.09 345,0 0.00174 1.11139 0.583
2.Ok 310.0 0.00168 1.11021 0.640

2.00 283.0 0,05163 1.10905 0,609

lo97 263.0 0.00159 1,1_790 0,586

1.94 247,0 0.00155 1.10678 0.569

1.91 239.0 0.C0152 1,10567 0.556

1.88 229.0 0,00150 1.10W59 0.507

1,86 217,0 0.001W0 1.1_352 0,5;1

1,82 202.0 0,00143 1.10093 0,533

1,78 193.0 0.00141 1.008_5 0.532

1.75 188,0 0.00139 1.09607 0.534

1.73 18;.0 0.00139 1.09378 0.539

1.72 182.0 0.00139 1.09157 0.5k;

1.71 100.0 0.00139 1.089;6 0,5W9

1,70 179.0 0.CJ141 1.087;2 0.55;

1.70 179.0 0.00142 1.085;6 0.559

1.70 179.0 0.001;6 1.08175 0.567

1.70 180.0 0,00152 1,07832 0.572

1.73 192.0 0.00169 1,07080 0.573

1.76 187.0 0.00190 1.06;58 0.575

1.80 192,0 G.00213 1.05938 0.574

1.85 198.0 0,00237 1.05;98 0.573

1.89 205,0 0.00262 1.05121 0,573

1.93 211.0 0,00287 1.Q;79; 0.57_

1,98 217,0 0.00314 1,0;508 0.575

2.02 223,0 0.00341 1,0;255 0.577

2,10 243.0 0,00;02 1.03826 0,591

2025 262,0 0.00469 1,03;76 0.602

2.36 281.0 0.035;1 1.0310; 0,010

2050 300,0 0,60618 1.02930 0.617

2.?6 036.0 0,00786 1,02543 0,627

3.01 371.0 :,0097_ 1,022;1 0.635

3.26 k06,0 _.0118 1.02002 00640

3.51 439,0 0.01_0 1,01808 0.6;;

3.75 471.0 0.016; 1.016W9 0,647

3.99 502.0 0.0190 1.01515 0.649

4.22 533,0 0.0217 1.01001 0,051

4.45 563.0 0.02_6 1.01302 0.653

;,68 593.0 0.0277 1.01217 0.654

;.90 622,0 0.0309 1.011_2 0.655

_4 TNO°PHASE BOUNDARY
NUNBERS ]H THIS COLUHN HAVE BEEN NULTIPLIED BY THE INDICATED FACTOR
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